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EFFECTS OF DROUGHT, DUST, AND INTENSITY OF GRAZING ON 
COVER AND YIELD OF SHORT-GRASS PASTURES 


INTRODUCTION 


The vast range lands of western Kansas oceupy 
approximately one half of that area. They are now 
recovering from the terrible destruction wrought by 
overgrazing, drought, and dust-burial during the past 
decade. Since grass is man’s most powerful ally in 
soil and water conservation, since pastures are tre- 
mendously important as the cheapest and most satis- 
factory feed for cattle, and since the recovery of the 
western range is not only an economie problem of 
great importance but a phenomenon of outstanding 
ecological interest, the redevelopment of the plant 
cover warrants careful investigation. 

The pastures of western Kansas occupy a diversi- 
fied topography and vary considerably in composition 
of vegetation. Those on the eastern edge of the area 
are a part of the mixed prairie association in which 
certain postelimax tall grasses extend westward in 
long arms and occupy the more moist soil, especially 
in ravines, and often intermix with mid grasses on 
steep hillsides, frequently where the soil is shallow 
and rocks outerop. The short-grass disclimax, result- 
ing from long continued grazing of the mixed prairie, 
oceupies the level and gently rolling lands and ex- 


tends westward over a vast area with decreasing 
precipitation. Since this blue grama (Bouteloua 


gracilis )-buffalo grass (Buchloe dactyloides) type is 
of the greatest extent and importance, it has received 
major consideration in this investigation. 
tures vary in from 20 to 40 acres on farms 
where cultivated land is extensive to several thousand 
acres on rough land where growing cultivated crops 
is only incidental to livestock production. In many 
localities the income from the farm is almost entirely 
dependent upon livestock (Fig. 1). 


The pas- 
size 


An understanding of present conditions ean be 
had only by a knowledge of past treatment of the 


. 





Fig. 1. 
the short grass furnishes most of the forage for live- 


Range land typical of western Kansas where 


stock. August, 1942. 


ranges. High wind movement was common through- 
out the drought period and especially severe during 
the spring of 1935. Soil which was pulverized by 
excessive cultivation was earried as dust in large 
quantities from cultivated fields and deposited in 
layers or drifts on the drought-stricken prairie plants 
(Fig. 2). The cover of native vegetation was thus 


greatly reduced, in fact, the grasses were almost or 
completely annihilated over vast areas of range land. 





Fig. 2. Surface soil carried by wind from adjacent 
cultivated land and deposited in layers and drifts on a 


sparse, weakened vegetation. Lakin, Kan. July, 1939. 
Planted crops failed to grow because of deficient 
moisture. This compelled the rancher to increase the 


usual length of the grazing season as well as the in- 
tensity of range utilization. This extreme overgraz- 
ing was responsible for further decline in the amount 
of original plant cover. The when devoid of 
native vegetation was often populated by numerous 
weedy annuals (Fig. 3). As a result, many farmers 
were confronted with the problem of increased losses 
in livestock due to the poisoning effect of 
noxious weeds. 


soil 


various 





Fig. 3. 
on the drought-swept prairie. 
of native grasses (foreground) furnished the only evi- 
dence that the area was once clothed with a dense cover 


Large Russian thistles forming a new cover 
Usually the dead crowns 


of short grasses. 


This is typical of hundreds of ranges 
in western Kansas. 


Photo August, 1939. 
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The prairie soil was bared by adverse environmental 
conditions and became extremely susceptible to wind 
It was the source of dust for further great 
storms which greatly damaged the ranges. When 
pastures were placed under the stress of these un- 
favorable environmental conditions it became evident 
that in those where good management had been prac- 
ticed the original plant population suffered far less 
than where overgrazing or overgrazing with intense 


erosion. 


dusting had occurred. This investigation was initiated 
to determine the effect of drought, different inten- 
sities of grazing, and degrees of dusting from ad- 
jacent cultivated fields upon the basal and 
vield of the native vegetation. 


cover 


METHOD OF STUDY 


The plan of the investigation was to select a ser-es 
of pastures which had been detrimentally affected by 
past usage or environment in different degrees and 
to measure the nature and rate of recovery under 
protection. Increase in basal area, amount of the 
various species concerned, and dry we ght of forage 
produced were the chief criteria used in measuring 
recovery. This included, of course, a consideration 
of the environmental conditions of growth. Effects 
of different intensities of clipping were also ascer- 
tained as well as the monthly yield. 

Basal area gives a good picture of the structure 
of a type of vegetation. When used in permancnt 
quadrats, the increase or decrease in the abundance 
of individual species due to succession or different 
treaments can be followed accurately. Although the 
percentage results are not a sensitive measure of the 
change in yield, they definitely reflect any change in 
the nature of the plant cover (Savage 1937; Weaver 
& Albertson 1936). Dry weight of plants is one of 
the best quantitative characteristics of vegetation 
(Hanson 1938), and inerease in dry weight is the 
best measure of growth (West, Briggs, & Kidd 1920). 
When basal area and dry weight are combined in a 
study of recovery of sod- and bunech-forming grasses 
a rather clear picture of development should be 
obtained. 

The clip quadrat has been widely used by nu- 
merous American investigators in obtain‘ng yields 


(Sampson 1914; Sarvis 1923; Taylor & Loftfield 
1924; Canfield 1939; Hein & Henson 1942; and 
others). Although clipping studies serve as a val- 


uable supplement to grazing experiments, they differ 
in several respects from actual grazing. The chief 
differences have been pointed out by Culley, Camp- 
bell, and Canfield (1933) and Donald (1941). But 
despite these differences clip quadrats are invaluable 
and are widely used wherever quantitative ecological 
studies in grassland are pursued (West 1936). 

Four pastures, representing various stages in range 
deterioration, were selected near each of four stations 
—Hays, Ness City, Quinter, and Dighton, Kansas. 
In addition, a prairie was selected near Phillipsburg, 
Kansas. Hays is in Ellis County and about 160 
miles from the western state boundary. Phillipsburg 
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lies 65 miles directly north of Hays and is in the 
northern tier of counties. Quinter is 50 miles west 
and north of Hays and Ness City and Dighton are 
60 and 100 miles, respectively, southwest. All of 
these extensive ranges are in the mixed prairie asso- 
ciation, and all but the prairie at Phillipsburg are 
portions of a great grazing disclimax. At Phillips- 
burg the vegetation has changed from mixed prairie 
to an open stand of short grass solely as a result 
of drought and coverage by dust. 

The pastures at each station, except Phillipsburg, 
were of four different classes as follows: 

Class 1. Lightly grazed and lightly dusted. 
Class 2. Heavily grazed and lightly dusted. 
Class 3. Lightly grazed but heavily dusted. 
Class 4. Both heavily grazed and heavily dusted. 

Intensity of grazing in the class 1 and 2 pastures 
at Hays had been about 1 animal unit for each 20 
acres, and in other class 1 and 2 pastures about 1 
animal unit for each 20 to 30 acres, although the use 
records at Quinter are incomplete. Class 3 pastures 
were s:milar to class 1 before the heavy dusting. 
Moreover, during years of poor productivity these 
pastures had been withheld from grazing. The heavily 
grazed class 2 and class 4 pastures had been stocked 
at the rate of 1 animal unit for each 8 to 12 acres, 
and grazing was more or less continuous regardless 
of precipitation. 

The class 1 pasture at each station represented the 
best conditions found in that vieinity. Grazing was 
ght and frequently deferred until about August 1, 
a practice common among the best cattle producers 
even before the dry eyele. Drought damage under 
this type of utilization was reduced to a minimum. 
These pastures were commonly located at some dis- 
tance from cultivated fields or if in close proximity 
to them judicious soil management had been prac- 
ticed to prevent dust blowing. Thus, coverage by 
dust, locally known as dusting, was almost negligible 
(Fig. 4A). At Phillipsburg the vegetation was iden- 
tical with that of a elass 1 pasture. 

Class 2 pastures were subjected to considerably 
heavier grazing than were those of the first class. 
Dusting, however, was usually scarcely more intense 
(Fig. 4B). 

In class 3 pastures grazing was so light that it 
did not reduce the plant cover. Considerable dam- 
age, however, had resulted from dust blown from 
adjacent cultivated fields (Fig. 4C). This elass is 
placed third since heavy dusting is even more in- 
jurious to short grass than heavy grazing. 

Class 4 pastures were the poorest that could be 
found in each loeality. Grazing and dusting had 
usually been so severe that little or none of the orig- 
inal vegetation remained (Fig. 4D). 

Twenty meter quadrats, arranged in groups of four 
for convenience of examination, were staked out in 
each pasture and clipped annually (Fig. 5). Ap- 
proximately 16 other similar quadrats in each exclos- 
ure were included in 1941 to seeure data on the 
monthly yieid in relation to intensity of grazing as 


simulated by frequent clipping. Livestock were ex- 
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Fig. 4. A. Typieal view of a class 1 pasture where tie open cover remained intact throughout most of the 
drought. Dighton, Kan. September, 1940. B. A class 2 pasture with typical open cover. In early spring such 
ranges were uyually infested with Lepidiwm densiflorum, Lappula occidentalis, and other annual weeds. August, 
1940. C. View of a class 3 pasture near Ness City, Kan., where the original amount of cover and its composition 
had been greatly modified. Many weeds such as Salsola pestifer were scattered over the prairie. September, 1940. 
D. An overgrazed pasture heavily dusted in 1935, near Dighton. Most of the original cover died and has been 
replaced by Chenopodium album, Helianthus annuus, Amiranthus retroflexus, and other weeds. June, 1940. 


cluded from these areas by means of barbed wire since they were absent over 60 percent of the area 
fences. All forage was clipped monthly to within and were inconsequential in the remainder. 

one half inch of the surface of the soil except that 
harvested only at the end of the summer. The for- examined monthly. Approximately half of the quad- 
age was separated into short grass, mid grass, native yats were charted (that is, the basal area mapped 
forbs, and weeds and placed in paper bags. It was at a height of one half inch) each fall by means of 
air-dried and weighed to the nearest tenth gram. 4 pantograph. In charting, only places without cover 
Yields, exclusive of native forbs, were expressed in of native perennial grasses and larger than .8 inch 
pounds per acre. Native forbs were not included jn diameter were considered bare. The percentage 
of basal cover for each species in each quadrat was 
obtained by use of a planimeter or by superimposing 
circles of known area inscribed on tracing paper 
upon those of the charted quadrat sheet. 


The exclosures and the surrounding pastures were 


Water content of soil was determined at regular 
intervals throughout the growing seasons of 1940 and 
1941. Records of precipitation and temperature were 
secured from the United States Weather Bureau 
which has an observer at each of the stations. 


ENVIRONMENTAL CONDITIONS 





The climate of the mixed prairie region is char- 
Fig. 5. View of an exclosure in class 1 pasture near acterized by great fluctuations in the amount and time 


i i 2 ? 90 7 a ws) > ar > ~ . . . . . . 

Dighton. The corners of each quadrat were marked of precipitation, temperature, humidity, and wind 
permanently with stakes. A thick growth of Lepidium sian Ties ae elias tear wens Satie 
densiflorum gives the appearance of a good stand of canosthlh sa st in oe € periods auring 


grass. the growing season with little or no rainfall when 
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temperature and wind movement are high and the 
relative humidity and available soil moisture ex- 
tremely low. The years 1940 and 1941 immediately 
followed a seven-year period of the most intense 
drought ever recorded. The accumulated deficits in 
precipitation at the five stations varied from 24.4 
inches at Quinter to 43.1 inches at Phillipsburg. 
During the drought, the annual precipitation at any 
of the five stations exceeded the normal only twice; 
the soil became exceedingly dry to a depth of five 
feet, and vegetation was greatly damaged (Weaver 
& Albertson 1940; Albertson & Weaver 1942). 


PRECIPITATION 


Low precipitation in 1939 had a pronouneed earry- 
over effect upon the native vegetation and for that 
reason it as well as the precipitation during the 
experiment must be considered. Total annual pre- 
cipitation at Phillipsburg in 1939 was nearly 10 





inches below the normal of 23 inches. The next 
greatest deficit was 8.3 inches at Dighton. Pre- 


cipitation deficits of 7.8, 7.0, and 5.0 inches, respee- 
tively, oceurred at Hays, Ness City, and Qu nter. 
Precipitation during the growing (except 
June and August at Hays and August at Quinter) 
was below normal and usually far below for all of 
the summer months at all of the stations. The sea- 
son was especially unfavorable to growth because 
of the long period of drought in autumn. It was 
during this time that the vegetation acqu-red the 
bluish-gray cast common to the short grasses after 
their death. 


season 


Precipitation during 1940 was above normal at 
Ness City and approximately normal at Hays (Fig. 
6). It was somewhat below normal at Quinter and 
Dighton, but about 6 inches below at Phillipsburg. 
This growing season showed much improvement over 
that of 1939 (Figs. 6 and 7). Precipitation exceeded 
the normal, however, only about one third of the 
time. Rainfall for April and June was below nor- 
mal at all five stations. It was normal or above at 
all stations during August, but during the remaining 
three months it was above normal at some stations 
and below at others. 

The year 1941 showed still greater improvement in 
amount and distribution of precipitation. Rainfall 
was above normal more than half the time from 
April to September. It was much above normal at 
all stations during April and June; June, in par- 
ticular, was an unusually wet month, at most stations 
the rainfall was at least twice normal. For example, 
it was 8.7 inches at Phillipsburg and 10.7 at Quinter. 
The rainfall for the remaining four summer months 
was somewhat erratic. At some stations it was much 
above normal, at others considerably below. At Hays, 
for example, rainfall during May was about .5 ineh 
below normal, while at Dighton it was more than 
twice normal. Such differences had a significant effect 
upon the amount of soil moisture and the yield of 
forage at the two stations. 
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Fig. 6. 
Normal precipitation is shown by the heavy horizontal 
lines. 


Annual precipitation at the several stations. 


Soi, Moisture 


Determinations of water content of soil were made 
to a depth of 5 feet each month during the growing 
seasons of 1939, 1940, and 1941 at Phillipsburg, 
Hays, and Dighton. Total water content of soil minus 
the hygroseopie coefficient (which was determined for 
each soil depth at each station) is designated as water 
available for growth. The hygroscopic coefficients of 
these silt-loam or very fine sandy-loam soils ranged 
between 9.0 and 13.9 percent. 

At Phillipsburg, the soil was mo‘st to a depth of 
2 feet in April, 1939, but this amount was soon re- 
duced by vigorous absorption by the rapidly grow- 
ing vegetation (Fig. 8). The 0.8 inch of rainfall 
during May was not enough to supply the demands 
for plant growth, and when soil samples were taken 
at the close of the month no moisture was available 
to a depth of 4 feet and less than 2 percent occurred 
in the fifth foot. Showers amounting to 3.6 inches 
during June but only 0.9 inch in July resulted in 
less than 5 percent available moisture in the surface 
foot and none below that depth. Moisture was fur- 
ther depleted during August. Continued drought 
during the fall resulted in the soil becoming so dry 
that much of the native vegetation died. 

Winter snows and spring iains resulted in moist 
soil to a depth of a foot by April, 1940. This was 
soon exhausted and there was no available water on 
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Fig. 7. Monthly precipitation (April to September inclusive) at each station in 1940 and 1941. The heavy 


horizontal lines indicate normal rainfall. 
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ig. 8. Available soil moisture to a depth of 5 feet 
in ungrazed prairie at Phillipsburg. 


the dates of sampling during the remainder of the 
growing season. It is probable, however, that some 
moisture was available in the surface soil at inter- 
vals between the samplings. 

In April, 1941, available moisture extended to a 
depth of 2 feet. Moist soil oceurred to 4 feet on 
May 31, and by June 30 more than 20 pereent mois- 
ture was available to a depth of 2 feet and from 5 to 
15 to a depth of 5 feet. Moderate drought occurred 
in the upper soil during July but water was avail- 
able below 12 inches. Abundant water for p'ant 
growth was found in the soil during August. The 
contrast of the favorable conditions of growth in 
1941 to the extremely unfavorable ones in 1940 is 
very strik ng. 

At Hays, the soil was extremely dry in the spring 
of 1939 (Fig. 9). Water for growth was available 
only in the first foot. This was soon absorbed and 
by the end of May available moisture occurred on'y 
in the first 6 inches. A month later there was no 
mo sture available to a depth of four feet and less 
than 2 perecnt was present in the fifth foot. By the 
end of August more than 5 percent available water 
occurred in the upper 6 inches as a result cf 3.5 
inches of rain received dur‘ng the month. 

The precipitation, although normal in amount in 
1940, was not sufficient to penetrate deeper than one 
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Fic. 9. Available soil moisture to a depth of 5 feet 
in the short-grass type at Hays. 


foot, and the available soil moisture was less than 
10 pereent in April. It was less than 5 percent in 
May and there was none in June. Total rainfall of 
4.2 inches in July resulted in more than 10 percent 
available moisture in the upper 6 inches, but less 
than 2 percent in the second six-inch layer. This 
moisture was quickly absorbed or evaporated and 
only a small amount was found in August. 

Precipitation during the winter and early spring 
of 1941 greatly increased the moisture content in the 
first two feet of soil. The supply was further aug- 
mented in May when more than 20 percent available 
water occurred to a depth of 2 feet, and the third 
foot had nearly 5 pereent. Water content in June 
was somewhat less than in May in the upper 3 feet, 
but for the first time since 1933 available soil mo‘s- 
ture was present to a depth of 5 feet. The drought 
of July coupled with the rapid growth of vegetation 
reduced the amount of available moisture nearly to 
zero. During August, with rainfall of more than 4 
inches, the amount of available water increased to 
about 20 percent in the first foot and to a smaller 
amount in the second. 

At Dighton 
depth of only 


available soil moisture extended to a 
a foot in April, 1939 (Fig. 10). It 
increased during May, but was exhausted in the 
upper foot during June. The continuous drought 
resulted in no available moisture in July. Showers 
during August increased the available moisture con- 
tent in the surface foot to nearly 10 percent. 
Available moisture was found to extend to a depth 
of 2 feet in April, 1940. This was slightly reduced 
during succeeding weeks and only a small amount 
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Fig. 10. Available soil moisture to a depth of 5 feet 
in the short-grass pasture at Dighton. 
was available in May in the upper 6 inches but nearly 
10 percent in the second six-inch level. No available 
water was present when samples were taken in June 
and July, 1940. This extreme drought the 
prairie vegetation to become completely dormant. 
August had a total rainfall of nearly 4 inches and 
available moisture was restored to a depth of 5 feet.? 

The available soil moisture oceurring in August 
Was maintained with only a slight decrease during 
the winter of 1940-1941. Hence, when samples were 
taken in April water was found to be available, 
although in small amounts, to 5 feet. The well dis- 
tributed rains of May totaled over 7 inches. This 
not only inereased the amount of available soil mois- 
ture to more than 20 pereent in the upper 6 inches 
but a!so replenished it to a depth of 3 feet. During 
June and July moisture was slightly less than in May, 
but it was always available to 5 feet in depth. The 
only drought of the season oeceurred during August 
when water became unavailable to 3 feet, with only 
a small amount available at greater depths. 


eaused 


TEMPERATURE, EVAPORATION, AND WIND 


Mean annual temperature for 1939 ranged from 
2.8° to 3.4° F. above normal at the several stations. 
The greatest departure from the normal occurred at 
all stations during May, June, July, and September. 
For example, the temperature was 7.7° F. above nor- 
mal during May at Phillipsburg. _Temperatures dur- 
ing the growing season of 1940 although usually 
above normal were lower than in 1939. During May, 


2 Cracks and fissures, often concealed at the surface, fre- 
quently occurred in the thoroughly dried soils and permittted 
runoff water to enter and moisten the soil deeply in some 
places, but not generally. 
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1941, the temperature ranged from 3.2° to 4.8° F. 
above normal at the five stations, but during June 
and July it was never more than slightly above and 
frequently below normal. During August and Sep- 
tember the temperature was 1° to 2° above normal. 

Total seasonal evaporation. at Hays in inches from 
April to September, inclusive, was 60.7 in 1939, 49.2 
in 1940, and 43.7 in 1941. Evaporation by months 
ranged from 5.8 to 13.6 inches the first year and 
was from 1 to 4 inches higher each month than dur- 
ing either of the two following summers. Evapora- 
tion in 1941 was lower during the early summer than 
in 1940 but that of August and September was 
somewhat higher.* 

Wind movement at Hays from April to September, 
inclusive, was 39,985 miles in 1939 but only 36,621 


the next year and 34,313 miles in 1941. In 1939. 


wind movement ranged between 6,500 and 7,100 miles 
each month except August when there was _ less. 
Thus, it was much windier, hotter, and drier during 
1939 than during either of the two followng years. 
In all these respects 1941 was better suited to plant 
growth than 1940. 


BASAL COVER AND COMPOSITION 
OF VEGETATION 


The mixed prairie of Kansas before and during 
the drought has been described (Weaver & Albert- 
son 1936; Albertson 1937, 1938, 1939, 1941; and 
Albertson & Weaver 1942). The predrought average 
basal cover of the short grasses in 1932 varied be- 
tween 80 and 95 percent. The extreme drought dur- 
ing the succeeding vears greatly reduced the cover. 
The amount of decrease varied with the intens:ty of 
grazing and dusting. In places where judicious range 
management was practiced and where the pastures 
were naturally protected from dust blown from eul- 
tivated fields, reduction in cover was small. In other 
pastures, however, where the plants were weakened 
and coverage by dust was pronounced, the native 
plant population was reduced almost to zero. The 
cover and composition of the pastures studied at 
Hays, Ness City, Quinter, and Dighton follow in 
order. In the spring of 1940 each pasture was eare- 
fully examined before the quadrats were selected. 
They were samples of areas which most nearly coin- 
cided with the average conditions in the particular 
pasture. 

Hays PASTURES 


Class 1 pasture was given the best care possible. 
during the drought, and the cover in the summer of 
1939 was much above normal for ranges in that see- 
tion of the state. Extended drought in the fall of 
1939, however, caused a decrease in the amount of 
vegetation, and in the fall of 1940 the total cover 
of short grass was only 37 pereent (Table 1). Of 
this amount, buffalo grass constituted 23 percent; 

* Data on evaporation and wind movement were obtained 
from measurements made at Hays, Kansas, by Division of Dry 


Land Agriculture, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 
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TABLE 1. Percentage basal cover of each species of 
perennial grass in the different classes cf pastures at 
each station, and total basal cover in 1940 and 1941. 

















| Buffalo Blue Sand Total 
Grass Grama | Dropseed | Cover 

Location and ae ea aa ee Pe ; eer 
Class 1940 | 1941 | 1940 | 1941 | 1940 | 1941 | 1940 | 1941 

Hays 1.,.........|23.0 |86.5 |14.0 | 7.6 | 0.0 | 0.0 |37.0 | 94.1 
Hays 2.. 10.3 |33.1 |13.1 |10.7 | 0.0 | 0.0 |23.4 | 43.8 
hays 3. ......{| 0.1 | 0.0 | 9.3 [33.9 | 0.6 | 6.8 {10.0 | 40.7 
Hays 4 pak 4.6 145.1 | 0.0 | 0.0 | 0.0 | 4.0 | 4.6 | 49.1 
Ness City 1... 14.4 /15.0 | 0.0 | 0.0 18.6 | 43.3 
Ness City 2...... 6.8 {19.1 | 0.0 | 0.0 |10.0 | 41.2 
Ness City 3..... 4.3 /12.1 | 0 0 | 0.0 12.6 | 50.4 
Ness City 4 1.5 | 5.2 10:0 |0.0 | 2.0 | 16:3 
Quinter 1..... 4.6 [19.1 | 2.3 | 4.0 | 2-8 [97.2 | 8.7 | 95.2 
Quinter 2.........] 0.8 | 9.1 | 2.5 [13.0 |] 0.0 | 0.4 | 3.3 | 22.5 
Quinter3..........) 9.8 127.1 | 1.9 1 F.4 | -O8 | 68 | 08 1-905 
Quinter 4....... 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 
Dighton 1...... 4.6 |43.5 | 6.0 |11.0 | 0.0 | 0.0 |10.6 | 54.5 
Dighton 2... 15.4 (74.7 | 3.8 | 3.1 | 0.0 | 0.0 {19.2 | 77.8 
Dighton 3 ....{15.1 |46.6 | 5.9 | 4.0 | 0.0 | 0.8 [21.0 | 51.4 
Dighton 4........| 0.0 | 0.0 | 2.2 | 3.4] 0.0 | 0.0/2.2] 3.4 


the remaining 14 percent consisted of blue grama. 
Where lack of soil moisture and not dusting was the 
sause of the decrease in cover, the individual bunches 
of grass were not killed but only reduced in size 
(Fig. 11A). 

In pastures where drought and dusting were ex- 
treme, the cover of blue grama usually was greater 
than that of buffalo grass. In the better pastures, 
however, the reverse was frequently true. The con- 
tinuous, fairly dense cover of short grass prevented 
any great amount of invasion of weedy annuals. In 
the spring of 1940, the class 1 range at Hays was 
sparsely populated with annuals, especially Hordeum 
pusillum, Lepidium densiflorum, and Lappula occi- 
dentalis. Nowhere, however, was this crop of weeds 
detrimental to the pasture grasses. The favorable 
growing conditions of 1941 were all that were needed 
to promote a good growth of buffalo grass. The 
cover of this short grass increased to 86.5 percent, 
while during the same period that of blue grama 
was reduced from 14 to 7.6 percent. 

In class 2 pasture, the amount and composition 
of basal cover were similar before the drought to 
that of class 1. The reduction in 1940, or earlier, 
was considerably greater, however, due to adverse 
environmental conditions. The total cover of short 
grass in 1940 was only 23.4 percent and consisted 
mostly of small seattered tufts (Fig. 11B). In most 
locations the cover was rather evenly divided be- 
tween the two dominants, but frequently a pure 
stand of one species took possession of areas vary- 
ing from one to several square meters in extent. 
Here, as in class 1 pasture, the blue grama lost eon- 
siderably during the growing season of 1941. Con- 
versely, buffalo grass made a great increase and had 
an average cover of 33.1 percent when charted in the 


fall. 
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Fig. 11A. 


23.0 % 
14.0% 





In elass 3 pasture buffalo grass had nearly dis- 
appeared. Blue grama constituted only 9.3 percent 
and sand dropseed .6 percent. The basal cover and 
the composition varied so greatly in these dusted 
areas that it was difficult to select any quadrat that 
was representative of the area as a whole. The pres- 
ence of sand dropseed was common to all quadrats, 
but in some either remnants of buffalo grass or small 
tufts of blue grama were present. The condition 
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Fig. 


Typical meter quadrat showing basal cover 











Meter quadrat showing open cover of short grass in a class 2 pasture at Hays. 
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fate] BUFFALO GRASS 
EE] BLUE GRAMA GRASS 


of short grass in a class 1 pasture at Hays. 


where blue grama formed a greater cover than that 
of buffalo grass is typical for this area (Fig. 11C). 
The growth of blue grama during 1941 was. phenom- 
enal; its cover increased to 33.9 percent by fall. The 
number of tillers in each tuft increased manyfold 
and, as a consequence, the peripheral area occupied 
by each bunch was extended greatly. It seems that 
blue grama retained good vitality where it was not 
buried too deeply by dust, and when the rains came 


Gta BUFFALO GRASS 33.1 % 
FE===) BLUE GRAMA GRASS 10.7 % 
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SAND DROPSEED GRASS 0.6 % 

Fig. 11C. 

to this rich soil it grew vigorously. This is quite in 

contrast to its losses in the other quadrats. Sand 

dropseed had also made fairly large gains and con- 
stituted 6.8 percent cover. 

Class 4 pasture was located on rather low ground 
where both mid and tall grasses were formerly com- 
mon. Due to intensive grazing, however, the com- 
position of this area had gradually changed from 
that of mid and tall grasses to one of short grasses. 
The cover had been dense, perhaps 80 to 90 percent, 
until several years after the beginning of the drought 
in 1933. The storms of 1935 deposited a thick layer 
of fine dust over most of this entire area. In many 
places the native vegetation was completely smoth- 
ered, in others only small remnants remained. The 
condition that prevailed in the fall of 1940, when the 
first charting was done, represented the cover not at 
its worst but after considerable improvement had 
taken place during the normal growing season of 
1940. The cover of buffalo grass, however, was only 
4.6 percent and no blue grama occurred. Seedlings 
of sand dropseed were present (Fig. 11D). The 
small seattered bunches of buffalo grass grew vigor- 
ously through the favorable season of 1941 and cov- 
ered nearly half the soil when charted in the fall. 
Sand dropseed increased from a few seedlings to a 
cover of 4 percent. 

The absence of blue grama and the presence of so 
small an amount of buffalo grass in 1940 resu'ted 
from heavy dusting and mueh overgrazing. Dusting 
in 1935 was so great that every vestige of native 
prairie vegetation was removed. Buffalo grass in- 
vaded these barren areas much more rapidly than 
did blue grama during the less severe drought years, 





Open cover of blue grama and sand dropseed in a typical quadrat in a class 3 pasture 
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f=nzy BLUE GRAMA GRASS 33.9 % 
G SAND DROPSEED GRASS 6.8 % 


at Hays. 


such as 1938, and had made some growth during 
1940 before it was charted in the fall. The rapid 
increase of basal cover from 4.6 percent the first 
year to 45.1 in 1941 is eloquent testimony of the 
recuperative powers of buffalo grass. 


Ness City PAstuRES 

Intensity of grazing of the pastures near Ness 
City was similar to that at Hays. The degree of 
dusting, however, was considerably more intense. 
-astures not severely dusted during the period of 
drought, and particularly in 1935, were found only 
with great difficulty; in faet, the condition that pre- 
vailed was one where there was not only a rather 
continuous layer of dust to a depth of 1 to 3 inches 
but also great drifts extending in various directions 
across the range. The characteristic damage from 
such layers and drifts was the complete obliteration 
of all vegetation over comparatively large areas. It 
was not uncommon to find nearly level tracts, even 
160 aeres in extent, where no native vegetation re- 
mained except on sharp inclines where dust failed 
to accumulate. 

Class 1 pasture at Ness City had been given the 
best treatment that could be found in the loeality. 
Light grazing was common and deferred grazing had 
been practiced occasionally. Studies had been made 


in this pasture several years previous to 1939. The 
average cover in 1937 was about 5 pereent. It con- 
sisted mostly of blue grama and buffalo grass. The 


favorable growing conditions during 1940 resulted in 
a considerable increase, and when charted in the fall 
a total basal area of 18.6 percent was found. It was 
composed of 4.2 percent buffalo grass and 14.4 blue 








1940 
BUFFALO GRASS 


4.6 % 
SAND DROPSEED SEEDLINGS 
Fig. 11D. 


grama (Fig. 12A). In 1941 the amount of vegeta- 
tion had increased to 43.3 percent, 28.3 being buffalo 
grass and 15.0 blue grama. The increases occurred 
mainly through the enlargement of small tufts of 
grass that were alive in the fall of 1940. In many 
places, the spread of buffalo grass was very vigorous 
and greatly exceeded that of blue grama. In fact, 
when charted in the fall of 1941, some of the bunches 
of blue grama had disappeared. 
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BUFFALO GRASS 42 % 
EZ==] BLUE GRAMA GRASS 14.4 % 
Fig. 12A. Typical square meter 
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[a%ess) BUFFALO GRASS 45.1 % 


m) SAND DROPSEED GRASS 4,0 % 





2 EY. 


Quadrat at Hays where the short grass cover had been greatly reduced. 





In 1940, the cover in class 2 pasture was only 
10 pereent, about one third was buffalo grass and 
two thirds blue grama (Fig. 12B). The character- 
istic small, isolated tufts of grass prevailed. The 
increase during 1941 was not equally shared by both 
short grasses, since buffalo grass increased sevenfold. 
Of the total cover of 41.2 percent, buffalo grass con- 
stituted 22.1 and blue grama 19.1 pereent. Tufts of 
short grasses were less numerous in 1941 than in the 
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in class 1 pasture at Ness City. 
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Giswcee] BUFFALO GRASS 3.2 % 
[E====] BLUE GRAMA GRASS 6.8 % 


Fig. 12B. 


This doubtless resulted from the 
merging of the smaller ones through growth. 

Cover in class 3 pasture had been materially re- 
duced during the dry years and espeeially in 1939. 
In the fall of 1940 it was 12.6 percent; 8.3 pereent 
was buffalo grass and only 4.3 blue grama (Fig. 
12C). In 1941 the cover of buffalo grass had in- 
creased to 38.3 percent but that of blue grama only 
to 12.1, making a total basal cover of 50.4 percent. 


previous year. 
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1941 
p  (GEEE BUFFALO GRASS 22.1 % 
T====] BLUE GRAMA GRASS 19.1 % 





Quadrat typical of class 2 pasture which w as less than a mile from the class 1 pasture. 


Native vegetation in class 4 pasture had been com- 
pletely destroyed over large areas and it was with 
considerable difficulty that representative quadrats 
were located. The one shown in Figure 12D repre- 
sents conditions better than the average. Basal area 
in 1940 was only 2 percent, being composed of 1.5 
percent blue grama and .5 of buffalo grass. Of the 
total of 16.3 percent cover in 1941, blue grama con- 
stituted 5.2 and buffalo grass 11.1 percent. Thus, 
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G3923] BUFFALO GRASS 
BLUE GRAMA GRASS 
Fig. 120. 
in early years of the drought. 
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BUFFALO GRASS 38.3 % 
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Square meter area in class 3 pasture near Ness City where heavy grazing had greatly reduced the cover 
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Fig. 12D. 


in all four pastures both species of short grass made 
good gains, but those of buffalo grass were the 
greater. 


QUINTER PASTURES 


Pastures in the vicinity of Quinter showed consid- 
erable variation in the intensity of grazing and 
amount of dusting. Those on rolling topography, 
which were usually largest, suffered least from ad- 
verse environmental conditions. Even under the 
most favorable circumstances, however, the extreme 
drought of 1939 destroyed much of the grass. In the 
spring of 1940, a large percentage of the short grass 
on the better pastures had lost the golden straw 
color which characterizes it when it is dormant but 
alive. Improvement during 1940 was extremely 
slow, due to the greatly weakened condition of the 
vegetation. It seemed as if the urge to grow had 
been almost completely lost by the drought-resistant 
relicts even though the plants were still alive. 

Pastures on level or only slightly rolling topog- 
raphy were usually subjected to the most intense 
grazing and dusting, and consequently had suffered 
the greatest amount of damage. Frequently where 
the original vegetation had been largely or totally 
destroyed some of it was replaced by invading peren- 
nials such as Sporobolus cryptandrus, Schedonnardus 
paniculatus, or in extreme eases, by weedy annuals— 
often Salsola pestifer, Helianthus annuus, Cheropo- 
dium album, and Amaranthus retroflexus. 

Class 1 pasture had an average cover of 5.7 per- 
cent in 1940. Buffalo grass was present throughout, 


but it was often concentrated in groups of small 
tufts. In Figure 13A, its average cover was only 


1.6 percent. Blue grama furnished a cover of 2.3 
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Typical quadrat in class 4 pasture at Ness C 
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ity. 


There was no native vegetation in most of the area. 


and sand dropseed 1.8 percent. In the fall of 1941 
buffalo grass had inereased to 14.1 percent and blue 
grama to 4. Sand dropseed had made a rather phe- 
nomenal growth, and even exceeded buffalo grass in 
increasing its area. 

Although class 2 pasture had not been seriously 
overgrazed according to stocking records, continuous 
drought, especially in the fall of 1939, had nearly 
destroyed all vegetation. Reliet plants were so weak- 
ened that the rainfall of 1940, even though nearly 
normal, failed to produce any improvement. When 
charted in the fall, the total cover was only 3.3 
pereent (Fig. 13B). The gain during 1941 was 
somewhat below normal, due no doubt to the weak- 
ened condition of the grasses. The cover of buffalo 
grass was only 9.1 percent in 1941 and that of blue 
grama 13. Sand dropseed had only .4 percent basal 
cover. 

Class 3 pasture, where dusting was much more 
severe than in either of the preceding, apparently did 
not suffer so greatly from the 1939 drought. Amount 
of vegetation in 1939 was considerably less than in 
the other pastures but the improvement during 1940 
was much greater. Consequently in the fall of 1940, 
buffalo grass (7.9 percent) was much more abun- 
dant than in the better classes of pastures. During 
the next season it inereased to 27.1 percent and blue 
grama to 7.4 (Fig. 13C). 

Class 4 pasture had no native grass in its cover 
during either of the two years. Improvement in 
other pastures at this station occurred almost en- 
tirely in 1941, so severe had been the drought. But 
in 1941 good growth occurred, the gains made by 
buffalo grass equalling or exceeding those of blue 
grama. 
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ns 3 7 1946 7 .) 1 
[its*253a BUFFALO GRASS 16 % E331 BUFFALO GRASS 14.1 % 
BLUE GRAMA GRASS 2a % A BLUE GRAMA GRASS 4.0 % 
SAND DROPSEED GRASS 1.8 % feae@e] SAND DROPSEED GRASS 17.1 % 


seeeees SAND DROPSEED SEEDLINGS 
Fig. 13A. Quadrat typical of cover in class 1 pasture at Quinter. Sand dropseed invaded when the short 
grasses were killed. 


DIGHTON PASTURES cultivated fields. These had experienced extreme 
Range lands near Dighton had suffered somewhat _ losses. 
less from dusting than those at Ness City, 30 miles Class 1 pasture had not only been stocked lightly 


eastward. Exceptions were pastures surrounded by through most of drought years but it was surrounded 
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Git) BUFFALO GRASS 0.8 % BUFFALO GRASS 9.1 % 
BLUE GRAMA GRASS 25 % BB BLUE GRAMA GRASS 13.0 % 

SAND DROPSEED GRASS 0.4 % 


Fig. 13B. The small tufts of short grass in this class 2 pasture quadrat at Quinter are typical of ranges where 
drought had been severe. Where the damage was caused by dust the tufts were usually farther apart. 
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Fig. 13C. 
destruction of vegetation by dust. 
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by other pastures. Therefore the intensity of dust- 
ing was reduced to a minimum in comparison with 
that of the other prairie land in the community. 
The cover of the pasture was from 15 to 20 percent 
in 1939 (Fig. 144A). The loss during the late fall, 
however, was severe and growth during 1940 was 
meager in comparison with that of nearby pastures. 
This was due primarily to variations in local show- 
The cover in the fall of 1940 was only 10.6 
pereent, 6 percent of which was blue grama and 4.6 
percent buffalo grass. The excellent environmental 
conditions during the summer of 1941 resulted in 
vigorous growth. The small tufts of blue grama 
were greatly enlarged and the cover in 1941 was in- 
creased to 11 percent. Buffalo grass increased in the 
usual manner, sending out myriads of long stolons. 
Its basal area increased to 43.5 percent. 

Changes of cover in this pasture were given fur- 
ther study. The remarkable increase in basal area 
from less than 1 percent in August, 1940 (which 
was only about one tenth of that in late fall recorded 
above), to 80 percent in July, 1942, has been re- 
corded by photographs. The severe drought in the 
fall of 1939 reduced the cover of about 18 percent 
to only 1 percent by August of the next year (Figs. 
14A and B). This left nearly all of the soil exposed 
to erosion. The rains during the spring of 1940 
were sufficient to cause the soil to form a erust and 
thus become especially susceptible to loss of mois- 
ture through evaporation. The dark areas in Figure 
14B are due to flaking of the surface soil and its 
removal by wind. This process has furnished abun- 
dant materials for many dust storms. The inerease 
in cover during 1940 occurred because of ample 


ers. 
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Class 3 pasture at Quinter which was dusted badly in 1935. 
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The cover was uneven because of the 


‘ains in August and September. The basal area of 
vegetation increased to about 11 pereent (Fig. 14C). 
The increase was due not only to the enlargement 
of each tuft of grass but also to an actual increase 
in the number of tufts through revival of the half 
dead crowns just beneath the surface of the soil. 
Growth began early in 1941. By the last of May 
the ground cover had increased to about 20 percent. 
Rapid growth oceurred during spring and early sum- 
mer and in early July the cover averaged 30 per- 
cent. Another 10 percent was added before the 
short period of drought occurred in August. Further 
plant growth in the autumn occupied another 15 per- 
cent of the bare soil. Tufts of buffalo grass had 
‘apidly developing stolons projecting outward in 
every direction. These leafy offshoots formed ap- 
proximately four fifths of the total basal area. Still 
further improvement in the vegetation in July, 1942, 
is shown in Figure 14D when perennial pasture 
grasses, mostly buffalo grass, covered 80 percent of 
the soil. 

Although the original basal area was nearly re- 
stored by midsummer of 1942, its composition was 
very different from that at the beginning of the 
drought. In 1933, buffalo and blue grama 
were about equally represented. In 1942 the for- 
mer comprised at least 75 percent of the mixture 
of the two dominants. Perennial forbs had been 
almost exterminated. 

In class 2 pasture, ground cover was 19.2 percent 
in the fall of 1940. Blue grama constituted 3.8 per- 
cent and buffalo grass 15.4. The greater amount of 
buffalo grass was doubtless due to the inerease of 
this species dur‘ng the summer. Blue grama was 


grass 
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Fig. 14. 
15 to 20 percent. 


fron: the drought of 1939. Basal cover is 1 percent. 


The cover is now 10.6 percent, an increase of tenfold in 60 days. 
Buffalo grass has increased greatly and the basal cover is 80 percent. 


rat as it appeared on July 7, 1942. 


reduced to 3.1 percent in 1941, but buffalo grass 
increased nearly fivefold and composed 74.7 percent 
of the grass when charted in late fall. 

In class 3 pasture, the cover was 21 percent in 
1940. Here again, buffalo grass furnished the larger 
amount. It grew rapidly during the season of 1941 
and inereased its initial eover of 15.1 percent to 46.6. 
The number of tufts of blue grama was reduced 
considerably, but due to the enlargement of those 
that did survive the former cover of 5.9 percent was 
decreased only about one third. 

Class 4 pasture had been closely grazed for many 
years. Dusting, particularly in 1935, was very severe. 
The drifts of soil were so high and numerous that 
it was impossible to drive over this area for several 
years following the worst storms. The native plants 
were completely smothered over most of the pasture. 
The cover, largely blue grama, was never greater 
than 3.4 pereent (Table 1). 

This group of pastures represents well the drastie 
changes that the vegetation had undergone, the actual 
loss or at least slow recuperation of blue grama 
which was all but destroyed, and the extremely rapid 
recovery and wide spread of buffalo grass as soon 
as conditions favorable to its growth occurred. 
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A. View of short grass in class 1 pasture at Dighton in September, 1989, when the basal cover was 
B. Quadrat in class 1 pasture at Dighton on August 1, 1940, before any recovery had occurred 
Note the loss of surface soil. 


C. Same quadrat as in B. 
Photo September 28, 1940. D. Same quad- 


DiscuUSSION 


The pastures were examined in the fall of 1939 
when the drought was so intense that it was im- 
possible to separate with certainty living, dormant 


plants from those that were dead. Although the 
plots were selected and fenced in early spring of 
1940, amount of living vegetation could not be deter- 
mined until the oceurrence of rains and revival of 
the vegetation. It was for this reason that quad- 
ratting was not done until fall. Hence, the basal 
area was measured only after a summer of very 
variable growth under subnormal and unevenly dis- 
tributed rainfall. Consequently, although the cover 
was invariably least in class 4 pastures it was not 
always greatest in class 1. The exceptions were at 
Quinter where the class 3 pasture recovered best, 
and at Dighton where both class 2 and 3 pastures 
had nearly twice as much cover as class 1. If the 
16 pastures at all four stations are considered to- 
gether as a sampling of a very large range area, 
then the average cover in 1940 in classes 1 to 4 was 
18.0, 13.7, 13.4 and 2.2 percent, respectively. 


When in 1941 an exeellent season for growth oe- 
curred after nine or more dry years, these pastures 








18 F. W. ALBERTSON AND J. E. WEAVER 


extended their cover to 56.8, 46.3, 44.3, and 17.2 
percent, respectively. The grasses in class 1, 2, and 
3 pastures tripled their basal cover, those in class 4 
increased nearly eightfold. Increases in most of the 
individual pastures were twofold (only one less) to 
fourfold. Class 1 pastures at Quinter and Dighton 
increased their previous cover approximately 6 and 
5 times, respectively, and class 4 at Ness City 8 
times. Class 2 at Quinter, where growth the previous 
year in all pastures was poor, increased its cover 
sevenfold, and the cover in class 4 pasture at Hays 
became ten times as great in a single summer. 

These results illustrate the wonderful recuperative 
powers of both blue grama, the most drought re- 
sistant species of the midwest (Mueller & Weaver 
1942), and buffalo grass, which spreads vegetatively 
with great rapidity. Except for sand dropseced, 
which occurred in certain pastures and has during 
the past few years spread widely over the p!ains, it 
seems certain that seedling grasses played a very 
minor role in the process of recovery. This is in 
agreement with the earlier extensive work of Savage 
(1937) and Weaver and Albertson (1936). Albert- 
son and Weaver (1942) in their seven-year study of 
ranges in Kansas, state: “Despite quantities of seed- 
lings, and rapid propagation of buffalo grass by 
stolons in 1935 and at other times, per:ods favorable 
to growth were usually too short to result in estab- 
lishment. Flower stalks were sometimes formed but 
few seeds matured. With dusting and denudation 
rainfall became less efficient and runoff greatly in- 
creased.” Weaver and Mueller (1942) ascertained 
that the average distribution of perennial grass seed- 
lings in mixed prairie in June, 1941, was only 2.4 
per square foot. They state that the probability of 
the seedlings of the dominant range grasses com- 
pleting their life evele by production of seeds the 
first year is remote, since a continuous moisture sup- 
ply rarely oceurs. Even if all the seedlings of 
perennial grasses (exclusive of the stoloniferous buf- 
falo grass) had survived and made a maximum 
growth they would have increased the cover less than 
two percent. 

Since most of the increase in cover was due to 
buffalo grass, its abundance in the several pastures 
as compared with blue grama is important. In the 
fall of the first year, blue grama exceeded buffalo 
grass in abundance in all class 1 and 2 pastures, 
except class 1 at Hays and class 2 at Dighton. Aver- 
age amount of each short grass in the group of four 
class 1 and four class 2 pastures was about the same. 
At the end of 1941 there was about 4.5 times as much 
buffalo grass as blue grama in the average of class 1 
pastures and about 3 times as much in the average 
of class 2 pastures. Moreover, the buffalo grass ex- 
ceeded blue grama in amount in 7 of the 8 pastures 
of the first and second classes. In the average of 
class 3 and 4 pastures in 1940, buffalo grass ranked 
greater in basal cover than blue grama in the ratio 
of about 3 to 2 and 5 to 4, respectively. Blue grama 
ranked first in only 2 individual ranges. Buffalo 
grass was not represented in one class 3 pasture 
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either in 1940 or 1941. Otherwise it was most abun- 
dant in all in 1941, and its average basal cover was 
nearly 5 times that of blue grama in the other three 
pastures. The grasses in only a single pasture in 
class 4 may be compared in 1940 since either one or 
the other of the short grasses was absent in three. 
But buffalo grass was twice as abundant as blue 
grama in the fourth. Thus, buffalo grass ranked 
higher when it was present in 1941, in every range 
except one. Its average basal cover (34.3 percent) 
was 3.2 times greater than that of blue grama. 


ANNUAL YIELD OF NATIVE GRASSES 
AND WEEDS 


Total yields of short grass, mid grass, and weeds 
were obtained in each class of pasture at the several 
stations including Phillipsburg. All yields are ex- 
pressed in pounds per acre.* 


Hays PASTURES 


Class 1 range had a fairly even cover of 37.1 per- 
cent in the fall of 1940 which yielded 1,378 pounds 
per acre (Table 2). By 1941 the cover had increased 
to 96 percent but the average yield increased much 
less. It was 1,524 pounds (Fig. 15). It is signifi- 
cant that the yield of weeds (mostly Hordeum pusil- 
lum and Festuca octoflora) was only 391 pounds in 
1940 but 707 in 1941. The open places in the sod 
were usually more densely populated by ruderals 
than were the smaller and less numerous ones where 
the cover had suffered little or no deterioration. In 
most locations where the cover of short grass re- 
mained nearly normal, the seeds of many weedy 
plants failed to make sufficient contact with the soil 
to insure germination. The few seattered seedlings 
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Fig. 15. Percentage basal cover and yield in pounds 
per acre of short grass (crosshatch), mid grass (dots), 
and weeds (black) in the several pastures at Hays in 
1940 and 1941. 

Annual yields are based on a slightly different percent of 


cover than that given in Table 1, since more quadrats were 
included. 





ce 
H 
er 
so 
an 
we 
de 
er 














January, 1944 


growing in these places barely survived the competi- 
tion for water and light and their presence had little 
effect upon the growth of the native vegetation. 


TABLE 2. Basal cover and plant yield in the several 


pastures. 








PERCENT 
Cover Yre_p In Pounps Per ACRE 
Class Year é j ‘ Z 
Short | Mid | Short Mid Total 
grass | grass grass grass grass Weeds 
HAYS 
1 1940 | 37.1 1,378 1,378 391 
1941 95.6 1,524 1,524 707 
» 3 ; 1940 20.1 534 534 432 
1941 | 42.8 902 902 | 2,085 
3 ae 1940 4.7 2.7 231 378 609 1 546 
1941 21.7 9.3 1,170 1,226 | 2,396 p 
4 1910 2.3 0.2 110 23 133 
1941 22.6 14.5 1,092 1,455 | 2,547 595 
NESS CITY 
1 .| 1940 21.0 708 7O8 1,270 
1941 45.0 1,390 1,290 1,729 
2 1940 | 11.0 478 478 | 1,655 
1941 42.6 1,610 1,610 1,240 
Bis 1940 10.2 459 $59 1,045 
1941 49.6 2,810 2,810 650 
4 1940 4.3 118 118 892 
1941 | 22.0 752 752 | 1,215 
QUINTER 
1 1940 4.0 3.0 99 52 151 1,890 
1941 23.7 10.0 1,081 1,517 | 2,598 | 2,099 
2 1940 1.4 41 41 1,262 
1941 18.5 686 686 1,850 
3 1940 6.9 0.2 104 104 2,094 
1941 | 32.0 1.2 | 1,50 226 | 1,737 | 2,184 
re 1940 z 2,700 
1941 2,010 
DIGHTON 
1 1940 10.9 106 105 1,413 
1941 55.3 1,854 1,854 108 
2 1940 20.0 187 187 1,233 
1941 | 72.9 2,412 2,412 52 
3 1940 17.0 184 5 184 185 
1941 67.5 2,401 2,401 40 
4 .| 1940 2:2 98 98 | 1,210 
1941 3.4 360 360 1,985 
PHILLIPSBURG 
1 1940 4.8 0.3 163 14 177 864 
1941 16.1 1.2 | 709 92 {01 | 3,376 


Class 2 pasture with an average cover of 20.1 per- 
cent yielded 534 pounds in 1940 and 902 in 1941. 
Here the yield increased more in proportion to in- 
crease in cover. The vegetation on this range was 
somewhat patchy, caused by differences in density 
and height of the dominants (Fig. 16). Yield of 
weeds in 1940 was only 432 pounds but, due to a 
dense stand of Hordeum pusillum, in 1941 it in- 
creased to 2,085 pounds. 

Hordeum pusillum was often represented by 6,000 
to 8,000 plants per square meter (Fig. 17). They 
formed a dense stand, frequently 20 inches high and 
resembled a field of cultivated barley. The shoots of 
the short grasses were dwarfed and seareely able to 
sarry on photosynthesis with the small amount of 
sunlight that diffused through the overtopping little 
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Fig. 16. View of class 2 pasture at Hays. Differences 
in height are due to alternating patches of blue grama 
and buffalo grass and to intensity of grazing. Sep- 
tember, 1939, 


barley. Yield of perennial grasses was materially 
reduced where the stand of this weed was so dense 
that growth in the spring was seriously delayed. 
The harmful effect of little barley upon the growth 
of the short grasses was further complicated by the 
fact that after ripening, early in June, it lodged and 
formed a dense mat which completely overtopped the 


short grasses. 





where the short 


class 1 
grasses are overtopped by a dense stand of Hordeum 


Fic. 17. View of 


pasture 


pusilum. More than a ton per acre of this weedy 
grass was often produced in pastures of west-central 
Kansas. 


In class 3 pasture, the basal cover was consider- 
ably less than in classes 1 and 2. It had the char- 
acteristic open-bunch appearance that so often oc- 
eurred when dusting had been severe. The isolated 
bunches of blue grama that survived the adverse en- 
vironmental conditions during the previous years of 
drought spread rapidly, due to the growth of new 
tillers. Sand dropseed behaved in a manner very 
similar to that of blue grama. The growth of both 
was unusually rank in 1941 which 
for the heavy production. Yield of short 
1940 was only 231 pounds, but that of mid grass was 
378. In 1941, yield of short grass was 1,170 pounds 
and that of mid grass, 1,226. Thus, the increases 
were about fivefold and fourfold, respectively. Yield 
of weeds, mostly averaged 
1,546 pounds in 1940 and greatly reduced the amount 
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of water available to the grasses. The unusually 
cool, wet spring of 1941 was not conducive to growth 
of weeds and their yield was reduced to only 292 
pounds. 

Class 4 pasture had almost no cover in the spring 
of 1940. Yields of short grass and mid grass during 
this year were only 110 and 23 pounds, respectively. 
In 1941 the cover of both was greatly increased. The 
harvest of short grass yielded 1,092 pounds and that 
of mid grass 1,455. Thus, the mid grass with only 
slightly more than half as great a basal area as 
short grass yielded more (Fig. 15). Sand dropseed 
is not only a very drought resistant species but it 
also furnishes a moderately good grade of forage. 


Ness City PASTURES 

Class 1 pasture had a basal cover of 21 percent in 
1940, which was the result of good management dur- 
ing the previous years of severe drought. The vield 
of short grass was 708 pounds. By 1941 the cover 
had increased to 45 percent and the yield to 1,390 
pounds (Fig. 18). There were no mid grasses in any 
of the Ness City pastures. Hordeum pusillum formed 
a dense stand throughout most of class 1 pasture and 
yielded 1,270 pounds in 1940 and 1,729 in 1941. 
Thus, the vield of this weedy annual even in the 
best pasture type exceeded one half ton and was far 
greater than that of native perennials during both 
years. 
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Fic. 18. Percentage basal cover and yield in pounds 


per acre of short grass (crosshatch) and weeds (black) 
at Ness City. 


Class 2 pasture, located less than a mile from the 
first, had been subjected not only to more severe 
grazing but also to a greater degree of dusting. The 
short-grass cover of 11 percent in 1940 yielded only 
478 pounds. The improvement was rapid, however, 
during the growing season of 1941 and the yield of 
short grass was 1,610 pounds from a cover of 42.6 
percent. Thus, cover and yield increased in almost 
the same proportion. The yield of weeds, mostly 
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Chenopodium album, was 1,655 pounds in 1940 but 
much less, 1,240 pounds, in 1941. 

Cover in elass 3 pasture was reduced to only 10.2 
percent in 1940; the yield of short grass was 459 
pounds. But in 1941 great improvement occurred, 
and the short-grass cover of 49.6 pereent produced 
the very high yield of 2,810 pounds. Yield of weeds 
was 1,045 pounds in 1940 but only 650 in 1941. 

Class 4 pasture had a sparse initial cover of 4.3 
pereent. Growth was slow and an average acre vield 
of only 118 pounds was harvested during 1940. The 
cover had inereased to 22 percent in 1941 from which 
752 pounds of short grass were harvested. The weed 
population was composed of Chenopodium album, 
Helianthus annuus, Salsola pestifer, Eragrostis eil- 
ianensis, and Euphorbia marginata (Fig. 19). A 
total of 892 and 1,215 pounds was harvested during 
the seasons of 1940 and 1941, respectively. 





Fie. 19. 
1941. Much of the soil had been partially reclothed 
with buffalo grass. 


Class 4 pasture at Ness City in August, 


The variability of the weed population in these 
disclimax short-grass prairies, where half or less than 
half of the surface was occupied, is shown by the 
great variation in the production of ruderals. Under 
conditions 1 and 4 (Table 2) the population of weeds 
increased in 1942 over that of the previous vear, 
while under conditions 2 and 3 it diminished. 

QUINTER PASTURES 

Class 1 pasture had been subjected to severe dust- 
ing in 1935, but to little thereafter. Grazing was 
moderate. The 4 percent basal cover of short grass 
yielded only 99 pounds in 1940 and a 3 percent cover 
of mid grass (Sporobolus cryptandrus) 52 pounds 
(Fig. 20). Both species made considerable gains in 
1941 when the cover was 23.7 and 10 percent, re- 
spectively. The yield of short grass was 1,081 pounds 
and that of the mid grass, 1,517. Lepidium densi- 
florum, Monolepis nuttalliana, and other weeds 
yielded 1,890 pounds in 1940 and 2,099 in 1941. 

A cover of 1.7 percent in class 2 pasture vielded 
only 41 pounds in 1940. The basal area increased 
to 18.5 percent in 1941 and the yield to 686 pounds. 
Thus, the basal area was 11 times greater and the 
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Fic. 20. Basal cover and yield in pounds per acre of 
short grass (crosshatch), mid grass (dots), and weeds 
(black) at Quinter. 


yield about 17 times more than in the preceding 
year. There was a heavy yield of weeds each year, 
1,262 and 1,850 pounds, respectively. 

Class 3 pasture had been grazed similarly to that 
of class 2 but the degree of dusting was much 
greater, in fact, large drifts of soil were common. 
The damage from the drought of 1939 appeared to 
be less on this area than on class 2 pasture. The 
cover of short grass in 1940 was 6.9 percent, and it 
yielded 104 pounds. Basal cover increased to 32 per- 
cent in 1941 and the aere yield to 1,511 pounds. The 
cover of Sporobolus cryptandrus was negligible in 
1940 but by 1941 it was 1.2 percent and yielded 226 
pounds. Weeds in 1940 were composed primarily of 
Salsola pestifer, Amaranthus retroflexus, and Cheno- 
podium album (Fig. 21). Yields in 1940 and 1941 
were 2,094 and 2,184 pounds per acre, respectively. 
Thus, the foliage cover in all the Quinter pastures 
was high and to the casual observer their condition 
appeared to be good. 





Fic. 21, View of class 3 pasture at Quinter. Large 
plants of Salsola pestifer and other weeds form a fairly 
continuous cover over the short grass beneath. 
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The class 4 pasture had been subjected to heavy 
grazing for several years previous to 1940, and dust- 
ing from adjacent cultivated fields was extreme in 
1935 and oceasionally severe subsequently. As a con- 
sequence, the native vegetation had been practically 
destroyed. No native grasses were found in the areas 
marked for clipping. Weeds, however, were abun- 
dant. Large plants of Salsola pestifer 2 to 3 feet 
high, and 4 to 6 feet in diameter were common. The 
yield of weeds in 1940 was 2,700 pounds and in 1941 
it was 2,010 pounds. 


DiGHTON PASTURES 
Class 1 pasture was composed of short grasses 
and weeds; here, as at Ness City, no mid grasses 
occurred in the clip quadrats (Fig. 22). The cover 
in 1940 was 10.9 percent and the yield was 106 
pounds. In 1941, the cover had inereased to 55.3 
percent and the yield to 1,854 pounds. The yield 
of weeds, primarily Lepidium densiflorum, was 1,413 

pounds in 1940, but only 108 in 1941. 


% 





Fig. 22. Percentage basal cover and yield in pounds 
per acre of short grass (crosshatech) and weeds (black) 
at Dighton. 


Class 2 pasture, with 20 percent cover, yielded 187 
pounds of short grass in 1940. The next year the 
cover had increased to 72.9 percent and it yielded 
2,412 pounds. The yield of weeds was 1,233 pounds 
the first year, but only 52 the second. Thus, while 
weeds were abundant at the preceding station, con- 
ditions for germination and establishment were poor 
here despite the presence of abundant seed. 

Class 3 pasture had a cover of 17 percent in 1940 
and yielded 184 pounds of short grass. The cover 
during the next year increased to 67.5 percent and 
yielded 2,401 pounds. The yield of weeds was al- 
most negligible being 185 pounds in 1940 and 40 in 
1941. 

Class 4 pasture was grazed severely previous to 
1935. The dusting from adacent cultivated fields 
was extremely severe during the spring and as a con- 











29 
sequence most of the vegetation was smothered. The 
cover of short grass in 1940 averaged only 2.2 per- 


cent, from which only 98 pounds were harvested. In 
1941 it increased to 3.4 pereent and the yield of short 
grass to 360 pounds. Weeds were abundant. Yields 
of 1,210 and 1,985 pounds, respectively, were ob- 
tained in 1940 and 1941. 

Class 1 pasture at Phillipsburg (actually a drought- 
and dust-depleted mid-grass prairie) yielded 163 
pounds per acre of short grass in 1940 from a cover 
of 4.8 percent. The yield of mid grass, nearly all 
Bouteloua curtipendula, was only 14 pounds from 
.3 pereent cover. In 1941 the cover of 
had inereased to 16.1 percent from which 709 pounds 
per acre were harvested. The yield of mid grass was 
92 pounds from 1.2 percent cover. The yield of 
weeds, mostly Lepidium densiflorum and Hordeum 
pusillum, was 864 pounds per acre in 1940 but dur- 
ing the next year of more abundant ra-nfall 3,376 
pounds. 


short grass 


DISCUSSION 


Examination of the data shows that there is only a 
general correlation between cover and yield. This is 
because of the great variability in vigor of the 
drought-stricken vegetation at the several stations 
and differences in degree of burial by dust in dif- 
ferent pastures. This resulted in varying degrees of 
dormaney and protection from drought. Moreover, 
differences in time and amount of water available for 
growth prevented close agreement between amount 
of basal cover and yield. Some relationships, how- 
ever, stand out plainly. During the good year of 
growth (1941) the weakened vegetation was greatly 
invigorated. But at both Hays and Ness City the 
production per unit of plant cover in class 1 and 2 
pastures decreased compared with the yield in 1940 
when the basal cover was much smaller (Table 3). In 
class 3 and 4 pastures where dusting had been heavy 
and the original cover very open, production per unit 
basal cover increased. At Ness City this increase was 
great. 

At Quinter and Dighton there were increases in 
yield per unit percent of cover in all classes of pas- 
tures. Gains in classes 1 to 3 varied only from 21 
to 32 pounds per unit of cover, except in class 2 at 
Quinter where the gain was only 13 pounds. The 
gain in the class 4 pasture was 61 pounds per unit 
of vegetation. Environmental conditions at these 
stations were less favorable to growth than those at 
Hays and Ness City in both 1939 and 1940. When 
the drought was finally broken in 1941, the cover 
increased rapidly and plant production per unit of 
cover was relatively high. 

The basal area of sand dropseed is not considered 
in this comparison of cover and yield since this grass 
did not occur regularly, and especially because yield 
of this mid grass per unit of basal cover is usually 
several times that of either of the short grasses. 

>This prairie was mowed annually 


years of drought. Being unfenced, it 
grazing during winter. 


except during the worst 
was subjected to some 
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TABLE 3. Percentage basal cover 
seasonal yields in pounds, 
one percent of cover. 


of short grasses, 
and yields in pounds per 
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4 |22.6/1,092|48.2/22.0] 752}34.2 - 360|105.9 














The experimental data show the general trends in 
p> goat to the effects of drought, dust, and intensity 
of grazing on cover and yield. Where disturbance 
rt been so widespread and the climatic conditions 
so erratic, certainly the more uniform results often 
obtained from a type of grassland of limited range 
and uniform past history and environment are not 
to be expected. It is believed, however, that this 
sampling of a number of apparently similar but 
widely separated pastures gives a better indication of 
the prevailing amount and development of the re- 
gional vegetation than could be had by more inten- 
sive studies on a single range. 

A comparison of yields with those of similar 
vegetation under predrought precipitation is perti- 
nent. Shantz (1911), working in eastern Colorado, 
calculated the yield of short-grass land from square 
yard areas. Late in August, 1909, it was 116 pounds 
per acre from ordinary cover and 400 pounds from 
an exceptionally thick one. Weaver (1924) secured 
the average air-dry weight of buffalo grass from a 
series of quadrats at Burlington, Colorado, and 
Phillipsburg, Kansas, during three growing seasons. 
In 1920, it was 874 and 2,587 pounds per acre at 
the two stations, respectively; in 1921, 1,846 and 
2,373; and in 1922, 1,597 and 2,319 pounds in the 
same order. The data show that the yield is variable 
even during a series of good years. The amount of 
available soil moisture gives the explanation of the 
cause of the differences at the two stations and from 
year to year. Soil moisture was greater in amount 
and less often nonavailable for growth at the Kansas 
station. 

In semiarid climates and especially during drought, 
amount and distribution of rainfall varies widely. 
Of no less importance is the manner in which rain 
falls and the cover and econdit‘on of the soil. A 
light rain on a soil with good cover may yield a 
greater water supply than a heavy one on bare or 
dust-covered land (Duley 1939; Duley & Kelly 1939). 
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In true prairie it has been shown that rainfall is 
absorbed approximately three times as fast where 
there is a stabilized cover of prairie grasses (Weaver 
1942; Weaver & Albertson 1943). 

Previous experience with drought and previous 
grazing treatments profoundly affect the vigor and 
future behavior of short grasses as does also a period 
of protection. The latter may have been furnished 
by partial burial by dust. It has been noted that a 
year of great vegetative activity of buffalo grass, as 
expressed in abundant stolon production, may be fol- 
lowed by one with much less vegetative increase. Nor 
is abundant tiller production compatible with the 
greatest yield of seed in blue grama. 

Often the water, light, and nitrogen relations of 
the grasses were greatly affected by the growth of 
weeds. A survey of yield of weeds shows, however, 
that they occurred in large amounts (1,045 to 2,277 
pounds) in all grades of pastures in 1940. Execep- 
tions where they were fewer were class 1 and 2 pas- 
tures at Hays, class 2 at Dighton, and elass 4 at 
Quinter. In 1941 weeds were again very abundant 
and nearly always occurred in larger amounts than 
in 1940 in 9 of the 16 pastures. They averaged far 
more abundant both years in class 4 pastures than 
elsewhere. Weeds, however, were not altogether 
harmful since upon their death they formed a muleh 
which protected the soil from violent impact of water. 
The growth and decay of their roots made compacied 
soil more porous and thus aided infiltration and indi- 
rectly promoted growth of perennial grasses. 


MONTHLY YIELD OF NATIVE GRASSES 


Previous observations and experiments had shown 
clearly that the growth and yield of the native 
grasses varied greatly not only from season to season 
but also from month to month (Weaver & Albertson 
1943). Therefore an experimental study was made 
on monthly yields to ascertain variations in the 
amount and the causes of the fluctuations. Quadrats 
were clipped in each of the four classes of pastures 
at the four stations. 

The quadrats were marked out in the spring of 
1940. Ten were staked in each exclosure where the 
preceding quadrats were located. The yield was ob- 
tained at the end of each month from May to August, 
inclusive. Short grass, mid grass, and weeds were 
air-dried and weighed separately and the yields ex- 
pressed in pounds per acre. Monthly precipitation 
at each station during the growing season is shown 
in Figure 7, and available soil moisture at Hays and 
Dighton in Figures 9 and 10. It should be empha- 
sized that the extended drought in the fall of 1939 
weakened the perennial grasses to such a degree that 
growth was resumed very late in 1940. Henee, the 
only vegetation harvested in May was the crop of 
annual weeds, mostly Lepidium densiflorum, Lappula 
occidentalis, Monolepis nuttalliana, and Hordeum 
pusillum. 

The total monthly yields of perennial grasses and, 
in certain pastures, the monthly yields of short 
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grasses are shown by means of graphs in Figure 23. 
At Hays the total grass produced during June, 1940 
on the class 1 pasture was 416 pounds. During July 
production decreased to 366 pounds but increased to 
596 during August. The vield in 1941 was in reverse 
order. The greatest amount, 750 pounds, was har- 
vested at the end of May when the buffalo grass was 
heavily laden with seed. The staminate flowers ex- 
tended a few inches above the semidecumbent leaves, 
and produced a characteristic spotted appearance of 
the landseape so common when this grass is in full 
bloom. Yield decreased to 431 pounds in June and 
to 95 in July. That of August was only 86 pounds. 

Yields in the class 2 pasture followed somewhat 
the same trends as the preceding but were signifi- 


HAYS 


NESS CITY 


QUINTER 


DIGHTON 





Fig. 23. Yields in May, June, July, and August in 
different classes of pastures in 1940 and 1941 at each 
of the four stations. The percentage of basal cover of 
short grasses and mid grasses is also given for each 
pasture. 
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cantly lower. The short grasses were so badly dam- 
aged by drought and competition with little barley 
both seasons that the yields were low. The total 
grass produced during June, 1940 was 150 pounds. 
Yield increased to 185 pounds in July, and to 199 
in August. In 1941 competition with little barley 
was intense during late spring and the yield in May 
was only 240 pounds. It was slightly greater, 290 
pounds, in June. Drought during July reduced the 
yield to only 55 pounds but in August it was 265. 

Total yield in 1940 on the badly dusted and heavily 
grazed class 3 pasture, with a cover of only 7.4 per- 
cent, increased from zero in May to 306 pounds in 
July. In August it was only 146 pounds. The low 
yield in 1940 resulted from feeble growth of the 
drought-stricken vegetation. Exeellent growing con- 
ditions in the spring of 1941 resulted in vigorous 
growth of both short and mid grasses. The short- 
grass yield in May was 221 pounds but this increased 
to 519 in June. The July harvest yielded only 113 
pounds. This low yield, however, was offset by one 
of 318 pounds in the wet month of August. The 
difference between the short-grass yield and the total 
yield represents the production of mid grasses, mostly 
Sporobolus eryptandrus. During May the yield of 
mid grass was 262 pounds and in June and July 531 
and 143 pounds, respectively. The yield in August 
was 290 pounds. Rapid recovery of the vegetation 
of this and other badly damaged areas was probably 
due to accumulation of fertile soil from dusting, and 
semi-dormaney through much of the drought period. 

Total yield of grasses in class 4 pasture in 1940 
was much less than that in class 3. The total amount 
of short and mid grasses produced in June was only 
22 pounds. In July it was 59 pounds and in August 
51. The cover of short grass inereased to 22.6 per- 
cent in 1941 and the yield in May was 192 pounds. 
Production increased to 426 pounds in June and then 
declined to 97 and 38 pounds, respectively, in July 
and August. The mid grass grew vigorously in 1941 
and in fall had a basal cover of 14.5 percent. The 
yield in May was only 78 pounds. In June, however, 
it reached a value of 959 pounds which, with the 
short grass, exceeded the yield of all the higher classes 
of pastures (Fig. 23). A yield of only 98 pounds 
in July resulted from a drought of short duration; 
in August, it was 320 pounds. 

Yield at Ness City in 1940 was relatively high in 
June in elass 1 pasture but low thereafter. It was 
uniformly low in the other three classes (Fig. 23). 
Extremely low yields were produced in all pastures 
at Quinter in 1940, since the vegetation was sparse 
and had seareely recovered from the extremely severe 
drought of the previous fall. There was some yield 
at the end of May, 1941, good yields in pasture 
elasses 1 and 3 in June and July, but they were low 
following the August drought. At Dighton in 1940, 
low monthly yields were secured, with an increase in 
growth in August. Conversely, the yields even in 


May, 1941, were good at all stations and those of 
June were exeellent. 


Thev were obtained from a 
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vigorous, rapidly increasing cover, with the exception 
of class 4 pasture. 


DISCUSSION 


Variability in productivity was due in part to un- 
even distribution of precipitation but also to the 
previous experience of the vegetation especially as 
regards drought, dusting, and intensity of grazing. 
The very low yields at the two westerly stations, 
Quinter and Dighton, in 1940 are attributed to two 
factors—the extremely severe drought that prevailed 
there during the preceding fall and winter and the 
low precipitation and small amount of available 
water in 1940. Rainfall in the spring at these sta- 
tions was lower than at the others (except Hays in 
May) and did not promote much growth (Fig. 7). 
Low precipitation would account for the depressed 
yield in June and July, but the vegetation at neither 
station responded favorably to the 2.5 to 4 inches of 
rainfall and good water content of soil during August 
(Figs. 7 and 10). The late resumption of growth in 
1940 at Hays and Ness City was also an after-effeet 
of the fall drought of the preceding year. The 
greater yield at Hays in class 1 pasture than in the 
others is explained on the basis of a more rapidly 
extending and more vigorous cover. While this denser 
vegetation was undoubtedly exhausting available soil 
moisture more rapidly than the more seattered plants 
in the other pastures, the very presence of the cover 
greatly promoted water infiltration and thus eom- 
pensated this loss. Moreover, there were more early 
growing, water dissipating, annual weeds where the 
perennial grasses were sparse. 

In 1941 the heaviest monthly yields oceurred in 
May in class 1 pastures at Hays and Ness City but 
a month later in the other class 1 pastures. Preecip- 
itation was somewhat higher at Hays and Ness City 
(Fig. 7) and the soil at Hays had much more water 
available for growth than that at Dighton (Figs. 9 
and 10). Moreover, the vegetation seemed much more 
vigorous at the stations where growth was earlier. 
Decrease in monthly produetivity after the high early 
yields was undoubtedly due in part to continuous 
clipping (Weaver & Hougen, 1939). A very dry 
July followed by a wet August at Hays accounts for 
the upward trend of the graph of production at this 
station. From the excellent yield in class 3 and 4 
pastures it would seem that dusting stimulated growth 
under good precipitation, also in both pastures high- 
yielding mid grasses were present. The same effect 
is evident in class 3 pasture at Ness City where mid 
grasses were not found. Growth in the several pas- 
tures at Quinter showed rather uniform monthly 
trends. Less than an inch of rainfall in August re- 
sulted in little development in late summer. At 
Dighton the yields in all pastures directly reflect the 
rainfall of June, July, and August which was about 
5, 4.5, and 2 inches, respectively. Decrease in monthly 
productivity was similar in pastures with only 3 per- 
cent basal cover to those with 55 to 73 percent. Here 
weeds grew in numbers and stature somewhat in in- 
verse proportion to the amount of perennial grasses. 

















January, 1944 


Blue grama and buffalo grass have a remarkable 
capacity, except immediately after extremely severe 
and prolonged drought, to revive quickly and grow 
rapidly at any time during the warm season and to 
become dormant but remain alive when available soil 
moisture is exhausted. This is in accord with their 
semiarid environment and normally occurs every year. 
During a drought year it may take place several 
times. But when the spark of life is nearly extin- 
guished, as in 1939, recovery is slow. The difference 
between total denudation and relict vegetation over 
thousands of square miles depended upon the wonder- 
ful drought resistance of these two species. They 
remained where all other perennial vegetation van- 
ished. Sand dropseed, also very drought resistant 
and likewise with remarkable powers of recuperation, 
has spread widely on the bare, dry, warm soils in the 
past five years. 

Revegetation of the central Great Plains area de- 
pends in the main upon the growth and spread of 
these xeric but nutritious grasses. These data show 
clearly their ability, once established, to increase their 


area. Buffalo grass alone can spread with great 
rapidity. Blue grama and sand dropseed increase 


much more slowly and must have good years for seed 
production followed by favorable years for seedling 
establishment (Weaver & Mueller 1942). Although 
the cover may inerease fourfold in a single year, 
which is an unusual gain, on the thousands of ranges 
where it was only 2 to 5 percent (Weaver & Albert- 
son 1940a) this process must be repeated several 
times before the cover is completely restored. A 
series of good years are necessary for restoration of 
a plant matrix as dense as that which prevailed be- 
fore the drought. It will not oceur quickly. Sue- 
cession even in subseres proceeds slowly and weeds 
will play their inevitable and important part (Clem- 
ents 1916, 1929). The more serious the degeneration 
the longer will be the period of redevelopment. 
Upon the revegetation of the range depends the 
fundamental economy of the Great Plains (Clements 
& Chaney 1937). Retardation of recovery by in- 
judicious grazing must be earefully avoided; ecrop- 
ping practices must be such as to stabilize plowed 
land and prevent soil from being carried away as 
dust; and the best principles of ecological and agro- 
nomie practices must be used in reclothing marginal 
lands with grass and restoring a normal cover to 
depleted ranges (Savage 1939; Savage & Runyon 
1937). 


EFFECTS OF DIFFERENT INTENSITIES OF 
CLIPPING ON YIELD 
An understanding of the relationship of plant 


productivity to intensity of grazing is very important. 
In order to seeure information on this phase of 
range conservation as applied to short grasses, se- 
lected areas were clipped at different intervals and 
the yields determined. The experiments were done 
at all four stations, four classes of pastures being 
used at each station. In each of the 16 pastures, the 
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four areas used were closely adjacent and had re- 
ceived the same treatment as regards the amount of 
grazing, severity of drought, and deposition of dust 
previous to 1940, when the study was begun. A total 
of nearly 40 meter quadrats was employed in each 
pasture, approximately 10 under each of the four 
different treatments. The intensity of clipping for 
each of the four treatments was as follows: 

1. Clipped monthly from May to August, inelu- 

sive, in 1940 and 1941. 
2. Clipped monthly as above in 1940, but clipping 
deferred until the end of the season in 1941. 
3. Unelipped in 1940; clipped monthly in 1941. 
4. Unelipped in 1940; clipping deferred until the 
end of the season in 1941. 

The area of the basal cover in the fall of 1941, 
when the quadrats were charted, was approximately 
the same under treatments 1 and 2. It was likewise 
practically the same under treatments 3 and 4. The 
basal cover of short grass and mid grass is given, 
therefore, as the average of conditions 1 and 2, and 
3 and 4 in each class of pasture, respectively (Fig. 
24). It is significant, however, that the total cover 
ranged from 2 to 4 percent greater under treatments 
3 and 4. 


c.ass t 





Fig. 24. Average basal cover and yield in pounds per 
acre in 1941 of short grass in each class of pasture 
when clipped monthly in 1940 and 1941 (treatment 1), 
when clipped monthly in 1940 but only in fall in 1941 
(treatment 2), when unclipped in 1940 but clipped 
monthly in 1941 (treatment 3), and when unclipped 
until the fall of 1941 (treatment 4). 


Yield of short grasses, with one exception, was 
greatest under treatment 4 and least under 1 (Fig. 
24). This indicates that close clipping of short 
grass for two seasons tended to reduce the yield and 
that each of the other treatments were, in order, nearly 
always less detrimental. In class 1 pastures for ex- 
ample, the average yield of short grass was 1,182 
pounds per acre. Under treatment 2 it was 1,463 
pounds or nearly 300 pounds per acre greater than 
under monthly clipping. Under treatment 3 the yield 
was further increased to 1,624 pounds. The greatest 
yield was 1,681 pounds per acre in the pasture which 
had two years of rest (treatment 4). The yield of 
class 2 pastures was somewhat less than that of class 
1, but, with one minor exception, it varied in the 
same sequence. Under treatments 1 to 4 yields were 
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1,203, 1,400, 1,390, and 1,470 pounds per acre, dry August limited the yield of short grasses to 73 


respectively. 

Yields of class 3 pastures consistently increased 
from treatments 1 to 4. They were also greater for 
each treatment than the corresponding yield in classes 
1 and 2. Under treatment 1, the production of short 
grass was 1,560 pounds per acre. It was 2,042 pounds 
under treatment 2, and 2,284 and 2,400, respectively, 
under treatments 3 and 4. 

The short grass in class 4 pastures was doubtless 
affected less by intensity of clipping than by ecompe- 
tition of annual weeds. Yields were therefore not con- 
sistent. From treatments 1 to 4, in order, they were 
575, 624, 370, and 593 pounds per acre. 

The yield of mid grasses, mostly Sporobolus cryp- 
tandrus, was always greater under the second treat- 
ment than the first, and usually greater under the 
fourth than the third. This indicates that monthly 
clipping greatly reduced growth and yield. The pres- 
ence of sand dropseed usually indicated a broken cover 
in the original short grass. Its rate of growth varied 
greatly. For example, in the class 3 pastures, the 
yield varied from 0 to 400 pounds per aere in 1941. 

The effect of intensity of clipping upon the monthly 
and seasonal yield in 1941 in representative class 1 
and elass 3 pastures is given in Table 4. The yield of 
short grass in the class 1 pasture under the first treat- 
ment was 1,362 pounds per acre. Under treatments 
2, 3, and 4 it was 1,524, 1,976, and 2,185 pounds per 
sere, respectively. The monthly yield for the same 
year was significantly whe under treatment 3 than 
under In May it was 1,216 pounds per acre as 
compared with 750 pounds ered treatment 1. In the 
same sequence, it was 462 and 431 pounds in June, 
167 and 95 in July, and 129 and 86 in August. Under 
both treatments, the yields were greatest in May and 
gradually decreased thereafter. 

TABLE 4. Y¥ields in pounds per acre of short grasses 
in 1941 in representative class 1 and class 3 pastures 
under different intensities of clipping. 
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| | 
Station | Class | ‘Tre -at- 
| ment | | | 

| | May | June July | August | Total 

1 | 750| 431 95 | 86 | 1,362 

= 4 - oe sors 1,524 | 1,524 

Hays....| 1 | 3 | 1,216 | 462 | 167 | 129] 1,976 
| 4 | 64 | 2,185 2,185 
2 ee ee as ee en Se 
| 1 147| 542 | 473 | 73 | 1,235 

| 2 ' .. | 1,511 | 1,511 

Quinter 3 | 3 | 125] 506 | 697 | 200 | 1,620 
| 4 | | 1,947 | 1,947 

| 
The seasonal yield in class 3 pasture under treat- 


ment 1 was 1,235 pounds (Table 4). Under sueceed- 
ing treatments it increased to 1,511, 1,620, and 1,947 
pounds, respectively. Moreover, the yield, as in the 
class 1 pasture, was greater each month, except May, 
in the pastures under the third treatmcnt than under 
the first. The lower yield in May may be attributed 
to less cover here than in the class 1 pasture ‘n spring, 
since the increase in cover was extremely rapid. The 


pounds under the first treatment but 200 under the 
third. 
Discussion 

Grazing, or clipping to simulate grazing, is a more 
or less destructive process since it removes much of the 
photosynthetic area from the plant. Preservation of 
pasture grasses depends upon manufacture and stor- 
age of foods by the plants in excess of those con- 
sumed in growth. Whenever grazing is so intensive 
that it permits complete and frequent removal of the 
green shoots it greatly reduces the manufacture of 
carbohydrates and prevents their storage in under- 
ground parts. Such abrupt decrease in photosyn- 
thetic activity causes a corresponding decrease in 
the growth of roots. Continued defoliation is ex- 
tremely injurious and unless reasonable precautions 
are taken to prevent it the effects are likely to be- 
come cumulative and cause serious deterioration of 
pasture or range. This may be followed by erosion, 
loss of nutrients, and general impoverishment of the 
soil. 

Canfield (1939) found that quadrats of black 
grama (Bouteloua eriopoda) clipped periodically dur- 
ing the growing season to a height of one inch made 
substantial gains in tuft areas the first year, one of 
unusually favorable growth, but these gains were 
temporary. Losses in the second and third year 
were greater than these gains, and losses continued 

» the end of the experiment. Similar results were 
aa where the clipping was 2 inches high. 

Results from studies on the effects of the removal 
of the photosynthetic area are in agreement that the 
yield and vigor of the vegetation vary inversely with 
the frequency of clipping. Aldous (1930) applied 
clipping treatments at two-week intervals to prairie 

rasses (chiefly big and little bluestems) at Man- 
ana Kansas. He found that the density of the 
vegetation decreased about 60 percent in three sea- 
sons. Clipping at three-week intervals resulted in 
only 13 percent reduction. Disappearance of val- 
uable species was proportional to frequency of cut- 
ting. The higher nutritive value of the forage gained 
from frequent harvesting did not compensate the loss 
in yield. 

Total yields of quadrats clipped at frequent inter- 
vals at Lincoln, Nebraska, exceeded the single yield 
of the control of Andropogon scoparius by 11 and 
26 percent during two seasons, respectively. Sim- 
ilar yields of Bouteloua gracilis on upland were 6 
pereent greater than the control and 30 percent 
greater on lowland. Poa pratensis when frequently 
clipped exceeded the control in yield by 5 percent. 
This increased growth is made at the expense of 
accumulated reserves in the roots and crown. The 
first growth following defoliation is largely “transfer 
growth” from storage tissue to herbage. It results 
n decreasing the vigor of the plant. Thus, the 
greater frequency of removing the top either by elip- 
ping or grazing at first results in greater vield of 
dry matter, but only until a point is reached where 
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the defoliation is so frequent as to prevent the re- 
building of root reserves. 

Quadrats frequently clipped during a second sea- 
son always gave lower yields than a single clipping 
of the controls. In little bluestem the yield averaged 
46 and 49 percent less, in big bluestem 28 percent, 
and in mixed little and big bluestem 43 and 53 per- 
cent less than the control. Yields of quadrats fre- 
quently clipped during two years were likewise mueh 
lower than those similarly clipped for only a s:ngle 
In little bluestem, the former yielded 60 per- 
cent less, in big bluestem 37, and in mixed bluestems 
51 pereent. Yields were still further reduced where 
clipping was cont:nued a third Compared 
with controls they were 56 to 68 percent less, re- 
spectively, in little bluestem and mixed-bluestem 
types. Moreover, when these yields were compared 
with those from quadrats frequent!y clipped for two 
vears, they were found to be 42 and 23 perecnt less, 
respectively (Weaver & Hougen 1939). Thus, there 
rapid decrease in yield following too close 
utilization of a pasture. 

McCarty (1938) has shown that the “initial growth 
of herbage in spring is made at the expense of the 
‘arbohydrate accumulations stored in the basal or- 
gans during the preceding season. Concentration of 
carbohydrates in both herbage and basal organs of 
the plant is inversely related to the rate of herbage 
growth. This relationship is maintained throughout 
the entire annual eyele of growth. The accumulation 
of carbohydrates stores is delayed, therefore, until 
most of the annual herbage growth is produced.” It 
is well known that all of the stored food is not ordi- 
narily used in normal early growth of perennial 
grasses. But if the new growth is removed by early 
graz ng or clipping there results a diminution in the 
reserve food: a second close clipp:ng may further 
deplete the supply. Thus, the progressive increase 
in yield of the closely clipped quadrats and the final 
death of many plants may be readily understood. 
Mixed prairie, for example, in past decades has lost 
much in its forage production in being reduced to 
the short grass disclimax. Where upland, little blue- 
stem degenerated into pasture of the short-grass type 
at Lincoln, Nebraska, the seasonal yield was reduced 
about half. 

Biswell and Weaver (1933) found not only that 
the total dry weight produced from sods frequently 
clipped after transplanting ranged from 13 to 47 
percent of that of the same species of prairie grass 
unclipped after transplanting but that the 
clipped plants failed to produce new rhizomes and 
many of the old ones died. The length of the roots 
was greatly decreased, and the relative production 
of roots was more greatly reduced than that of tops. 
Plants weakened by repeated clipping renewed growth 
slowly if at all after the sods were frozen, although 
the controls made an excellent development. They 
give a comprehensive rev ew of the literature. 

Robertson (1933) has shown the very detrimental 
effects of removing the tops of seedling grasses upon 
the growth of both tops and roots. 
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The farmer’s experience in recent times has made 
him well aware of the importance of good pastures 
for feed during severe drought, for preventing dam- 
age from wind erosion, and for combatting damage 
by floods which often follow prolonged drought. <A 
great problem lies in adjusting livestock to the carry- 
ing capacity of the range. The false creed that 
profits depend on livestock numbers must be replaced 
by the viewpoint that native vegetation is a peren- 
nial crop and that next year’s yields may be lessened 
somewhat in proportion to the extent of this year’s 
grazing and trampling. It is only slowly being real- 
ized that larger immediate returns, to say nothing 
of future yields, from the midwestern ranges can be 
obtained from moderate stocking than from over- 
grazing. Man has under his control the season of 
grazing, the frequency of removal of the new growth 
of grasses, and how closely they are grazed. While 
he cannot prevent droughts he can keep the ranges 
in good condition to endure them. 


= 


SUMMARY 


The very extensive range lands of western Kansas 
are now recovering from the extremely damaging 
effects of drought and burial under dust. Those that 
were most judiciously grazed before and during the 
dry cycle and best protected from dust aceumula- 
tion, either by large size or by stabilizing nearby 
tilled land, usually suffered the least degeneration. 

At four widely separated stations, Hays, Ness 
City, Dighton, and Quinter, pastures were selected 
for study at the end of the most severe drought ever 
recorded. Four classes of pastures were investi- 
gated at each station where the range use was known 
or where records were obtained. Class 1 had been 
lightly grazed and lightly dusted, class 2 heavily 
grazed and lightly dusted, class 3 lightly grazed but 
heavily dusted, and class 4 both heavily grazed and 
heavily dusted. A prairie at Phillipsburg had de- 
generated like the preceding to short grass but on'y 
beeause of drought. 

A record of annual and monthly. precipitation 
was obtained for each station, available soil water 
to 5 feet in depth was ascertained monthly during 
the growing season, and other environmental factors 
were studied in 1939, 1940, and 1941. 

Increase in basal area of perennial grasses, amount 
of the various species concerned, and dry weight of 
forage produced were the chief criteria used in 
measuring recovery. Exclosures against stock were 
made. In each exclosure 20 meter quadrats were 
clipped annually and the basal area of the perennial 
grasses charted by means of a pantograph in 1940 


and 1941. Blue grama (Bouteloua gracilis) and 
buffalo grass (Buchloe dactyloides), both short 
grasses, composed the bulk of the seanty, relict 


perennial vegetation. Sand dropseed (Sporobolus 
eryptandrus), which occurred irregularly and spar- 
ingly, was practically the only mid grass. Native 
forbs were so few as to be almost negligible but an- 
nual weeds were abundant. Increase or decrease of 
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basal area of each species of grass was ascertained, 
and the separate yields of short grasses, mid grasses, 
and weeds were obtained. 

Low precipitation in 1939, 7 to 10 inches below the 
normal 19 to 23 inches, and extremely dry fall fur- 
ther reduced the much depleted plant cover. Drought 
also weakened the vegetation so greatly that it re- 
mained almost dormant at all stations the following 
spring, and nearly throughout the summer at Dighton 
and Quinter. 

The growing season of 1940 showed much im- 
provement over that of 1939, but precipitation was 
below normal at all stations during April and June. 
At Hays and Ness City only was the amount of 
precipitation normal. Despite the moderate rain- 
fall, the thoroughly dried soil was often without 
available water at all stations and growth was not 
continuous nor yields high, except those of annual 
weeds. 

In 1941 the rainfall was above normal more than 
half of the time from April to September. The soil 
was wet from early spring until July; periods with- 
out rain were not prolonged and not severe, and the 
drought was definitely broken. 

Basal area, first determined in the fall of 1940 
after a year of recovery, showed that the cover was 
invariably least in all class 4 pastures at any station, 
and nearly always highest in class 1. Cover in pas- 
ture classes 2 and 3 was intermediate, but often 


higher in the lightly grazed but heavily dusted class 
3. A light cover of dust often furnished some pro- 


tection against drought by aiding dormancy. The 
average basal cover of short grasses in the four class 
1 pastures was 18 percent; that in the others in order 
13.7, 13.4, and 2.2 pereent. During the excellent 
season for growth in 1941 these pastures extended 
their basal cover to 56.8, 46.3, 44.3, and 17.2 per- 
cent, respectively. Thus, classes 1 to 3 on an average 
tripled their cover; that in class 4 increased nearly 
eightfold. 

Blue grama exceeded buffalo grass in amount of 
basal area in all but two class 1 and 2 pastures. But 
at the end of 1941 buffalo grass exceeded blue grama 
in basal area in 7 of these 8 pastures. There was 
about 4.5 times as much buffalo grass as blue grama 
in the average of class 1 pastures, and about 3 times 
as much in the average of class 2. In the heavily 
dusted pastures (classes 3 and 4) in 1940, buffalo 
grass ranked somewhat higher in all except 2, but 
percentage of cover was low. In 1941, so great were 
its gains, it ranked far ahead of blue grama, often 
being 3 to 5 times as abundant. In the few pastures 
where sand dropseed occurred it inereased rapidly 
but seldom composed more than a small part of the 
vegetation. Despite fourfold increases of cover in 
low grade pastures, several good years for seed pro- 
duction and growth of seedlings will be required for 
complete restoration of the cover. 

Only broad correlations were found between amount 
of basal cover and yield, the drought-stricken vege- 
tation varied greatly in vigor; the amount of dust 
accumulation resulted in varying degrees of dor- 
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maney and protection from drought. Moreover, oe- 
currence and amount of soil moisture available to 
growth was extremely variable. 

During 1941 an abundance of water greatly in- 
vigorated the weakened short grasses at Hays and 
Ness City. But where increases of the moderately 
small cover in the best pastures had been high in 
1940, seasonal yield in relation to amount of cover 
was less in 1941. The decrease was from 27-44 pounds 
per acre for 1 percent basal cover in 1940 to 16-38 
pounds in 194i. But where dusting had been heavy 
and the original cover very open at these stations, 
production per unit of basal cover increased in 1941, 
often greatly. 

At Quinter and Dighton conditions were unfavor- 
able to growth in 1940 and yield per unit of cover 
was low, 10 to 25 pounds per 1 percent of cover per 
acre. It increased, with one exception, 21 to 32 
pounds per unit cover in 1941 over that in 1940. 
Where the initial cover was least (about 2 percent) 
and dusting greatest (class 4 pastures) the yield was 
even more greatly increased. 

Cover of sand dropseed is not ineluded in preced- 
ing statements of yields since its yield per unit of 
cover is usually several times as great as that of short 
grasses. 

These short-grass yields were mostly far below 
those made at Phillipsburg during the years of more 
nearly normal precipitation, 1920, 1921, and 1922. 
Only in one pasture at Ness City and at Dighton 
where the basal cover was about 70 percent was this 
average yield, 2,400 pounds per acre, attained even 
during the wet year, 1941. 

In many pastures both spread and yield of the 
perennial grasses were greatly reduced by an abun- 
dance of weeds, chiefly Hordeum pusillum, Lepidium 
densiflorum, Chenopodium album, and Salsola pes- 
tifer. They absorbed much water, and greatly re- 
duced the light both when living and dead. They 
were most abundant in class 4 pastures. Weeds 
usually yielded one-fourth ton to more than one ton 
per acre. 

Monthly yields were obtained from a series of 10 
quadrats in each of four classes of pastures at the 
four stations. Great variability in monthly yield 
resulted from uneven distribution of precipitation 
and previous experience of the vegetation as regards 
drought, dusting, and intensity of grazing. 

Yields in 1940 were extremely low at Quinter and 
Dighton where previous drought had been most se- 
vere. At Hays and Ness City there was no yield in 
any pasture in May, but moderate yields each summer 
month thereafter, except in class 4 pastures. 

The highest or next to the highest monthly yields 
in 1941 oceurred in May in class 1 and 2 pastures 
at Hays and Ness City, but after May or June yields 
decreased sharply. But in class 3 and 4 pastures 
they were the greatest in June, the June yield 
usually far exceeding that in the class 1 and 2 pas- 
tures. Excellent yields from a rapidly increasing 
cover occurred in 1941 at Quinter and Dighton where 
they were high in May but highest in June, and low 
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following the August drought. Early growing, water 
dissipating, annual weeds often reduced the May 
yield of perennial grasses. 

In order to determine the effects of different in- 
tensities of clipping on yield, grasses were (1) clipped 
monthly in 1940 and 1941, (2) clipped monthly in 
1940 but only in fall in 1941, (3) unclipped in 1940 
but clipped monthly in 1941, and (4) unclipped until 
the fall of 1941. These 4 treatments were applied 
in class 1 to 4 pastures at both Hays and Qu‘nter. 
The cover was approximately the same in the fall of 
1941 under treatments 1 and 2, but 2 to 4 percent 
higher, although similar under treatments 3 and 4. 

In class 1 pastures the average vield of short grass 
was 1,182 pounds per acre under treatment 1; under 
treatments 2 to 4 it was 1,463, 1,624, and 1,681 
pounds, respectively. A sequence of increasing vields 
was also obtained in class 2 and 3 pastures, the class 
3 pasture giving greater yields under each treatment 
than pasture classes 1 and 2. In elass 4 pastures 
the short grasses were affected less by intensities of 
clipping than by competition of weeds. 
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ECOLOGICAL STUDIES OF SESSILE ROTATORIA 
PART I. FACTORS AFFECTING DISTRIBUTION 


INTRODUCTION 


Ever since the discovery of Limnias ceratophylli 
and Floscularia ringens by Leeuwenhoek in 1703, 
sessile Rotatoria have received considerable attention, 
particularly from taxonomists. Yet the last major 
taxonomic contribution was made more than thirty 
years ago, and there has never been a serious at- 
tempt to study any aspect of the ecology of the 
group. The present studies represent such an at- 
tempt, and although limited to the sessile Rotatoria, 
are intended as a contribution to the more general 
literature of the periphyton. 

The applied to various kinds of 
growths of sessile organisms has been reviewed by 
Roll (1939), who is followed here; periphyton con- 
sists of all sessile organisms on any substrate. The 
periphyton can be divided into two groups on the 
basis of the inter-relationship of the component or- 
ganisms. Epiphyton is the totality of sessile organ- 
isms which are not associated in a mechanical sense; 
they are separated from each other. Lasion consists 
of organisms which are associated mechanically and 
apparently have a direct influence on each other; 
they form a layer over the surface of a substrate 
bounded on the outer side by free water and loosely 
enclosing spaces of various sizes, thus forming a bio- 


terminology 


Meuche 
(1939) characterized a number of types of periphyton 


tope for associated, non-sessile organisms. 


by the nature of the sessile organisms that compose 


them. As the present author understands and uses 
the term, periphyton is a general term that refers 
only to sessile organisms whether they be plant or 
animal. The huge fauna of free-swimming organisms 
which lives in the lasion (Meuche 1939) is not a part 
of the lasion, but is simply associated with it in much 
the same way that birds are associated with a forest. 
Young (1941) has discussed the most important 
works dealing with the periphyton, and it is needless 
to repeat such a discussion here. It will be of value 
to outline the scope of the present paper with ref- 
erence to past studies as a background. 
THe Errect oF THE CHEMICAL NATURE OF WATER 
If any of the component organisms of the peri- 
phyton is sensitive to chemical and physical differ- 
ences in water, the character of the periphyton must 
be varied in different types of water, so far as the 
presence or absence of the sensitive species is con- 
cerned. The present paper is largely devoted to such 
effects. A large literature exists with data on the 
ranges of tolerance of a great number of organisms, 
much of it concerning the effect of pH as an effective 
factor in limiting distribution of organisms. No re- 
view of this literature is possible here, but some of 
the papers with data on factors affecting the distri- 


bution of small, fresh water animals are listed: 
Protozoa, Noland (1925), Lackey (1938), Saunders 
(1924), Darby (1929); Sponges, Jewell (1935, 
1939); Nematodes, Schneider (1937); Bryozoa, 
Brown (1933); Mollusea, Morrison (1932); Rota- 
toria, Harring & Myers (1929), Myers (1931, 1937, 
1940, 1942), Hauer (1937-38), Ahlstrom (1933), 
Edmondson & Hutchinson (1934); miscellaneous or- 
ganisms, Skadowsky (1923), Ward (1940), Reif 
(1940), Rudolfs & Lackey (1929), Hutchinson, Pick- 
ford & Sehuurman (1932), Yoshimura (1933). 

Many of the papers cited show that the fauna can 
often be correlated with the chemical nature of the 
habitats, some species, for instance, being found only 
in acid waters, others in alkaline waters. In all the 
cases, however, it is very difficult to decide just which 
factors are those actually effective in limiting distri- 
bution of organisms. For example, a low pH is 
usually associated with a low concentration of bicar- 
bonates, and likewise, hard waters are usually alka- 
line. In order to separate the effects of correlated 
variables, both experimental work and extensive ob- 
servation of natural habitats are needed. From re- 
sults of certain experiments Jewell (1939) concluded 
that calcium bicarbonate rather than pH is the effee- 
tive factor in limiting the distribution of some fresh 
water sponges. 


THE EFFECT OF SUBSTRATE 

One of the questions to receive considerable atten- 
tion here is the effect of the nature of the substrate 
on the fauna attaching to it. A number of sessile 
organisms show considerable substrate specificity, or 
sensitivity to differences in substrate, and are not 
commonly found on certain surfaces. Young (1941), 
in a general study of periphyton, observed that dif- 
ferent substrates under identical 
different kinds of periphyton. 
is that 
though 
certain 


conditions bear 
The chief difference 
organisms occur in varying proportions, al- 
some species are completely absent from 
Gloeotrichia lived abundantly on 
Scirpus, but not glass slides or ropes, although rope 
seemed more suitable for filamentous algae. Live 
Scirpus is smoother than dead, and has a hydrofuge 
surface which may explain the relative paucity of 
periphyton on live plants. 

The characteristics of algae as substrates for dia- 
toms received considerable attention from Cholnoky 
(1927). He studied the distribution of diatoms on 
filaments and Cladophora and Oedogonium, and 
found that parts of cells which were undergoing 
active growth by stretching of the cell wall carried 
few, if any epiphytes, since those that 
would soon fall off. 

Keiser (1921) reported that species of fresh water 
erustacea with hydrophil surfaces (Copepods) ear- 


surfaces; 


attached 
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ried a large and more varied fauna of peritrichous 
Protozoa than those with hydrofuge surfaces (Clado- 
cera). This simple, physical explanation does not 
seem to apply to substrate limitations recorded for 
other peritrichs recorded by Stiller (1940). He 
found two species of Vorticella which attached only 
to Gloeotrichia, another which attached only to Ana- 
baena, and still another which attached only to the 
gelatinous matrix of colonies of the rotifer Conochilus 
hippocre pis. 

Pelmatohydra evidently exhibits a certain amount 
of substrate selection. Miller (1936) indicated that 
plants overgrown with algal periphyton are not used 
extensively by Pelmatohydra, and Young (1941) 
showed an inverse numerical relationship between 
Gloeotrichia and Pelmatohydra. This effect may be 
simply the results of diffieulty for such animals to 
attach to the loose, irregular mat of periphyton, but 
Young pointed out further that tree twigs, even 
when bare of algal periphyton, do not earry many 
Pelmatohydra. 

Bryozoa also have some degree of substrate pref- 
erence. Brown (1933) mentioned a distinet avoid- 
ance of Chara by all Bryozoa, evidently because of 
the odorous sulfur-containing compound secreted by 
the plant. In general, reeumbent plants bear fewer 
Bryozoa than those which stand upright. Fred- 
ericella and Plumatella favor different substrates, the 
former evidently preferring rounded, or finely divided 
leaves, the latter preferring broad, flat leaves. Ma- 
rine Byrozoa also have definite substrate require- 
ments as shown by Hutchins (1941), who listed nine 
species which attached only to soft substrates such 
as algae and hydroid stems, and ten species attached 
only to shells, rocks, piles and other hard objects. 
There were eight species with less rigorous require- 
ments which attached to both kinds of substrate. 


The microscopic marine sessile organisms have. 


received considerable attention because of their eco- 
nomically important role in fouling ships. Coe 
(1932) compared the attachment of organisms to wood 
and cement blocks immersed in the sea, and found 
that there was a great difference in the flora and 
fauna on the two surfaces. Coe & Allen (1937) 
studied further the attachment to glass plates, par- 
ticularly with reference to the effect of the primary 
film of bacteria on attachment by larger organisms. 
Presence of bacteria facilitated the development of 
a periphyton. ZoBell (1936) has also diseussed this 
point. 

The larvae of some marine organisms avoid light 
colored surfaces and favor dark ones. Pomerat & 
Reiner (1942) showed that a greater number of 
barnacles attach to plates made of black glass, fewer 
to opal glass, and least of all to clear glass except at 
night, when equal numbers attach to all. The effect 
of the slope of the substrate was also studied. In 
general, most organisms attach to the under side of 
horizontal plates, least to the upper side, and inter- 
mediate numbers to sloping and vertical plates, as 
would be expected if the larvae were swimming up 
from a bed of reproducing individuals. Barnacles, 


Ecological Monographs 

Vol. 14, No. 1 
however, showed a less regular response to the slope 
of substrate than did other organisms. 

Krecker (1939) investigated the fauna of a num- 
ber of freshwater plants growing together, and found 
considerable quantitative and qualitative differences 
in the animal populations of the various species when 
the amount of plant studied was measured on the 
basis of the length of stem. Some of the quantitative 
variation may be explained as a result of different 
areas of leaf associated with unit length of stem on 
account of morphological differences, but some clearly 
must depend on some other character of the plants. 
For instance, Myriophyllum earried the greatest 
number of individuals, but the fauna on Elodea was 
of the greatest taxonomie diversity. 

An example of apparent substrate selection is the 
fauna on various forms of Sargassum in the Sar- 
g Sea, but there is evidence that faunal differ- 
ences are a result of balance between the rates of 
extension of plants and animals (Burkenroad 1939). 

That free-swimming animals may show consider- 
able dependence on a solid substrate was demon- 
strated by Picken (1937). Many species of small 
ciliate Protozoa rarely swim freely in the water, but 
remain in contact with algal filaments. Thus a group 
of Protozoa may be bound together into a sort of 
community by a clump of blue-green algae, and com- 
plicated interactions between the animals and algae 
established. This often leads, after progressive de- 
velopment of the fauna, to destruction of the algae 
with consequent disbanding of the animals. Small, 
browsing rotifers (Lepadella, Colurella, some Le- 
cane) evidently find the periphyton to be an impor- 
tant component of the habitat, providing as it does 
food and cover, in the same sense as in studies of 
game animals. Evidence can be found in the work 
of Meuehe (1939). The relation between Nematodes 
and the diatom lasion has been discussed by Meschkat 
(1934). Here the animals not only live in the lami- 
nated diatom growth, but strongly affect the develop- 
ment of the periphyton during the vear by keeping 
circular areas swept free of diatoms. In this way, 
a great number of relatively large spaces and tun- 
nels are formed in the thick layer. These may well 
serve as shelter for organisms too large to fit into 
the finer structure of the unmodified lasion. 


asso 


THE RELATION TO SURFACE AS SUCH 


The general ecological significance of surfaces 
needs consideration. It is known that an merease in 
the ratio of surface area to volume of a vessel of 
water, as by reducing the size or adding glass wool, 
increases relative bacterial activity as measured by 
oxygen consumption. This is a result of the increased 
numbers of periphytie bacteria (ZoBell 1936, ZoBell 
& Anderson 1936), and undoubtedly alters the bio- 
logical nature of the vessel when considered as a 
habitat for animals. Similarly, increase of the bound- 
ing surface of a lake by growth of large beds of 
vegetation alters the ecological nature of the lake 
by offering a lafge surface for attachment of peri- 
phytie organisms of all kinds; the productivity of a 
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lake is thus increased not only by the plants them- 
selves, but also by the mere existence of solid sur- 
A numerical evaluation of the effect will be 
given subsequently. 


faces. 
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THE SESSILE ROTATORIA 
TAXONOMY AND Lire History 


The sessile Rotatoria have been defined (Edmond- 
son 1938, 1940) as consisting of all members of the 
families Floseulariidae and Conochilidae of the sub- 
order Collothecacaea, using the classification of Re- 
mane (1929). The group is taxonomically diversified, 
and comparable to the Rhizota in Hudson’s old 
classification (Hudson & Gosse 1886). Each of the 


families has some free-swimming species which live 


In a narrower and more 
literal sense, sessile rotifers are those which live at- 
tached to a solid substrate for most of their lives, 
and it is to these that the present report is limited, 
including only truly sessile Floseulariidae and Col- 
lothecidae. A list is given here of the species encoun- 
tered with indication of the number of times collected 
in each state. Abbreviations are C, Connecticut; 
W, Wisconsin; M, Massachusetts; P, Pennsylvania; 
NJ, New Jersey; NY, New York; NH, New Hamp- 
shire; V, Vermont. 


either singly or in colonies. 


Eco.LoGicaL STUDIES OF SESSILE ROTATORIA 


COLLOTHECIDAE 


Acyclus inquietus (Leidy) W 1, C 1. 
Collotheca algicola (Hudson) W 9, C 7, M1, P 1, NJ 1. 
var. fenera (Edmondson) NH 1. 
ambigua (Hudson) W 5, C 2. 
annulata (Hood) C 1. 
campanulata (Dobie) W 17, C 
NJ 1. 
var. longicaudata (Hudson) W 6, C 2, P 1, NJ 1. 
coronetta (Cubitt) W 7, C 3, P 1. 
corynetis Edmondson W 7, P 2. 
cucculata (Hood) W 1. 
edentata (Collins) C 1, NJ 1. 
feror (Penard) C1, W 1(?). 
gracilipes Edmondson W 7, C 5, NH 1, NJ 1, P 1. 
heptabrachiata (Schoch) W 4, NJ 2. 
var. diadena W 13. 
judayi Edmondson W 2. 
ornata (Ehrenberg) W 14, C 9, P 2. 
var. cornuta (Dobie) W 26, C 20, M 1, NH 2, P 
NJ 2. 
sessilis (Milne) W 1. 
stephanochaeta Edmondson W 2, C 1. 
trilobata (Collins) W 4, C 8, NH 2, P 1. 
sp. (see Edmondson, 1940) W 1. 
Cupelopagis vorax (Leidy) W 7, C 12, P 3. 
Stephanoceros fimbriatus (Goldfuss) W 17, C 10, M 
NE 3,.P 3, NZ. 1. 
millsii (Kellicott) W 9, C 5, NH 2, P 1, NJ 1. 


12, NH 3, NY 1, P 4, 


FLOSCULARIIDAE 


Beauchampia crucigera 
ne i, Pi. Ne i. 
Floscularia conifera (Hudson) W 17, C 19, M 1, NH 2 
P 3... NJ 2. 
decora Edmondson W 6. 
janus (Hudson) W 18, C 11, NH 3, NY 1, P 4. 
melicerta (Ehrenberg) W 5, C 3. 
pedunculata (Joliet) W 4, P 6, NJ 2. 
ringens (Linnaeus) W 10, C 10, NH 3, P 12, NJ 1. 
Lacinularia flosculosa (Miiller) W 5, C 2, P 1. 
Limnias ceratophylli Schrank W 12, C 7, NY 1, P 5. 
melicerta Weisse W 20, C 21, M1, NH 2, NY 1, P 
NJ 4. 
myriophylli (Tatem) NJ 1. 
shiawasseensis Kellicott C 1. 
Octotrocha speciosa Thorpe W 11, C 2. 
Pseudoecistes rotifer Stenroos W 3, C 1, P 3, NJ 3. 
Ptygura barbata Edmondson W 4, C 4, M 1, V 1, NH 
P 3. 
beauchampi Edmondson W 28, C 6, 
brevis (Rousselet) W 5, C 6, NH 1. 
cristata (Murray, W 1, 
crystallina (Ehreniwiz) W 19, C 12, NH 2, P 2, NJ 
linguata Edmondson W 5. 
longicornis (Davis) C 2, NJ 1. 
longicornis var. bispicata n.* W 25, C15, M 1, NH 2 
NY 1, P 8, Nd 2. 
longipes (Wills) W 2, C 1, 


(Dutrochet) W 8, C 15, M 


P 4, No 1. 


P ° 


* Ptygura longicornis var. bispicata, n. This name will be 
used throughout to refer to a small Ptygura which differs from 
P. longicornis only in the possession of a pair of cuticular 
hooks on the dorsal side of the neck just posterior to the 
corona. This form is apparently undescribed, although it is 
very common. Kellicott (1888) apparently found this and 
thought it was the type form of P. longicornis. The present 
author for years has called the variety P. brachiata on account 
of the formal resemblance in certain ways to Hudson’s descrip- 
tion of that species, and has recorded it from Wisconsin under 
that name (1940). It is evident that the species really has 
nothing to do with P. brachiata which the author has never 
seen. FP. longicornis bispicata will receive a more complete 
description in another publication. 
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melicerta Ehrenberg W 3, C 12, P 1. MATERIALS AND METHODS 
var. mucicola (Kellicott) W 21, C 21, NH 1. i ; : ; F 
var. socialis (Weber) W 17, C 5, NY 1(?) fhe material on which this study is based was 
pectinifer (Murray) W 1. collected mostly from ponds, bogs and the bays and 
pedunculata Edmondson W 10, C 5, NH 1, NJ 1. shallow littoral of lakes. One hundred and ninety- 
pilula (Cubitt) W 30, C 11, M 1, NH 2, NY 1, P 5. four loealities were sampled, some repeatedly. These 
seminatans Edmondson W 1, NJ 2. were in Wisconsin, Connecticut, Pennsylvania, New 
ov] » > y . 9 + y y + . 
tacita Edmondson W 1, C 2. Jersey, New York, Vermont, New Hampshire and 


velata (Gosse) W 6, P 1. 
Sinantherina ariprepes Edmondson W 5, C 4, NH 1, P 1. 
socialis (Linnaeus) W 7, C 6, NJ 3. 


Massachusetts. Plants were collected with the hands, 
or with a variety of simple equipment such as hooked 
poles, grapples and dredges. The plants were put 
into one or two quart jars without crowding. Roti- 
fers are firmly attached, but rough handling should 
be avoided. 


Most species live attached singly to aquatie plants, 
and secrete a tube into which the animal can retreat 


for protection. lggs are laid in the tube where 
they remain until hatching. The young animal, In the laboratory, finely divided leaves, such as 


usually ealled a larva although true metamorphosis those of Myriophyllum and Utricularia were exam- 
“an hardly be said to exist, swims freely until it ined entire or in parts in a Syracuse dish filled with 
encounters a suitable substrate to which it attaches. pond water. Broad leaves were eut into strips and 
After a short period of rapid differential growth, examined edgewise. In all manipulations, iridectomy 
the conical young animal assumes the shape of the scissors and watchmakers’ foreeps were most useful. 
adult. Once a larva attaches, it does not leave the 


substrate unless knocked off, in which case it ‘annot ASSOCIATION OF SPECIES 
reattach. There are three exceptions: Ptygura semi- 
natans and Pseudoecistes rotifer regularly leave the The number of species found in the loealities 


substrate when disturbed and swim freely. Certainly varied from none to nineteen, and species oceurred in 
the former and probably the latter can reattach. various combinations. It is of interest to determine 
Relatively young Cupelopagis vorax, if removed whether rotifers are distributed at random through 
gently, can reattach, but probably do not leave the a series of localities, or whether they are arranged in 
substrate voluntarily. Several important species are associations dependent on environmental or biological 
illustrated in Figure 1. factors. Such associations of sponges and entomo- 





Sa "| a as 


Fic. 1. Sessile Rotatoria. A, Collotheca gracilipes on Utricularia vulgaris americana with two eggs in the 
tube; B, Ptygura brevis in a fork of Ceratophyllum demersum; C, Cupelopagis vorax about to eatch a Colurella 
bicuspidata; D, Ptygura velata in a leaf of Sphagnum erythrocalyz; E, Collotheca campanulata on Oedogonium 
sp.; FP, Ptygura barbata on Oedogonium sp. which is attached to Utricularia purpurea. 
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straca in fresh water have been discussed to some 
extent by Jewell (1935) and Carl (1940) respectively. 

Association of species can be studied by a method 
based on elementary probability theory. The method 
was suggested by Professor G. E. Hutchinson to the 
author who used it in an unfinished investigation of 
plankton Rotatoria, a preliminary report of which 
was made at the meeting of the Limnological Society 
of America at Indianapolis, Indiana, on December 
29, 1937. If collections are made from a large enough 
number of lakes, the fraction of lakes in which a 
species oceurs ean be taken as the probability of find- 
ing that species in the same or a similar set of col- 
lections from the same lakes. Then if two species, 
A and B are found in a fraction p and a fraction q, 
respectively, of the total number of lakes examined, 
three situations are possible. 

1. If the species are distributed at random and 
independently, they should occur together in a frae- 
tion pq of the total number of lakes. 

2. If the species form an association, or are lim- 
ited in the same way by environmental factors, they 
should occur together in some fraction of the lakes 
greater than pq. 

3. If the species are mutually exclusive, or replace 
each other because of differences in tolerance to en- 
vironmental faetors, or for any other reason, they 
should oeceur together in some fraction of the lakes 
less than pq. 

Given the number of lakes investigated and the 
number of lakes in which each species occurred, we 
can ecaleulate the fraction of lakes inhabited by each 
species. By multiplying the fractions together in 
pairs we ean find the fraction of lakes in which each 
pair should oceur if distributed independently of each 
other at random, and translate this fraction into the 
actual number of lakes in which each pair should be 
found. The actual ealeulation, of course, can be sim- 
plified, and accomplished with two easy settings of 
a slide rule. When the caleulated and observed val- 
ues are compared, many differences will be found as 
the result of chance variation, but the significance 
of the differences can be tested by chi-square which 
is applicable to this situation (ef. Simpson & Roe 
1939). When the expected number was as small as 
five or less, Yates’ correction was made (Snedecor 
1938). For present purposes, the 5% level of prob- 
ability (chi-square of 3.8) was taken as indicating a 
significant difference between caleulated and observed 
numbers. The 1% level of probability (chi-square 
of 6.6) represents a highly significant difference. 
This applies to all use of chi-square in this paper. 
Yates’ correction tends to over-correct (E. B. Wilson 
1941), so associations which remain significant after 
the correction is applied may be taken as really sig- 
nificant even though small numbers are involved. 

Table 1 shows data for some of the more common 
sessile Rotatoria collected. Given are the number of 
times each species was collected, the number of times 
it was found with each of the others, and the number 
of times it was expected with each on the basis of 
random, independent distribution. Highly significant 
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differences are shown by bold faced type (1% level), 
while less significant differences are shown in italies 
(5% level). For example, Floscularia conifera and 
Collotheca campanulata were observed to occur to- 
gether 16 times, while the expected number is only 
8; the difference is highly significant. On the other 
hand, Floscularia conifera and Collotheca coronetta 
occurred together 5 times rather than the predicted 2, 
but this difference is not significant according to 
criteria used. 

Many significant associations exist. Often two 
species associated with a third are not associated 
with each other to a significant extent. This may be 
a result of reaction to more than one environmental 
factor. Note that of the 194 localities used for 
Table 1, 23 did not contain any sessile species. While 
continued examination would probably reveal the 
presence of rotifers, the localities must be regarded 
as rotiferless under the conditions in which the lists 
were compiled. If the calculations of expected asso- 
ciation are based on the 171 lakes with rotifers, dis- 
regarding the others, the caleulated number is made 
about 10% larger, and some associations are reduced 
to insignificance, although most are left unchanged. 
Yet to disregard a number of the lakes which are as 
much a part of the data as those with rotifers is 
illogical. For this reason, the full number of lakes 
was used in the caleulations, but two levels of prob- 
ability were differentiated. 

Very few cases of apparent mutual exclusion were 
found. Ptygura melicerta mucicola and Floscularia 
pedunculata seem to replace each other, significant 
to 5%. Other species with which P. m. mucicola 
was found less frequently than expected were Collo- 
theca coronetta and Pseudoecistes rotifer. These, 
and the other differences marked with an asterisk in 
Table 1 are not large enough to be significant, but 
they may be indicative. In general, out of 561 pos- 
sible pairs, there are 71 associations significant to 
1% and 57 significant to 5% but not 1%. There are 
no replacements significant to 1%, only one signif- 
icant to 5%, though such a level of significance im- 
plies that with random distribution, about 28 pairs 
of apparent exclusion might have been expected. 
There were about 16 indications of possible replace- 
ment. The strong tendeney towards association and 
away from exclusion or replacement may be taken as 
evidence that cases of strong interspecific competi- 
tion are rare among the sessile Rotatoria. This is 
reasonable in view of the general abundance of their 
food and the usual rather low population densities 
encountered. Even when one species is found in 
very great abundance in a collection, there is apt to 
be a large number of other species present in smaller 
numbers. Inter- and intraspecific competition prob- 
ably operate only under special cireumstances which 
are too rare to have an effect on the general distribu- 
tion of species. Moreover, many of the cases of 
possible exclusion, if valid, might be explained on 
the basis of chemical tolerance as will be seen. Hutch- 
inson (1940) gave a discussion of the possible effect 
of changing environmental conditions on competitive 
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relationships among certain planktonic organisms, 
and showed that environmental control of competi- 
tion very likely has an effect on the seasonal succes- 
sion of some species. 


Each 
list is headed by a species which is associated with 
all others in the list at least to the 5% level of prob- 
ability. Species marked with an asterisk are asso- 
ciated with the one at the head of the list to the 1% 
level or better. Such groups might be expected to 
have certain ecological properties in common, for 
limitations would tend to bring the species into the 
same habitats. 


Following are listed five groups of species. 


Beauchampia crucigera 
Collotheca algicola 
campanulata 
ornata* 
ornata cornuta* 
trilobata* 
Floseularia conifera* 
Limnias melicerta* 
Ptygura barbata* 
brevis* 


TABLE 1. Frequency of co-occurrence of pairs of s] 
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crystallina* 
longicornis bispicata 
melicerta mucicola 
Collotheca gracilipes 
ornata 
ornata cornuta 
trilobata 
Floscularia conifera 
Limnias melicerta 


Collotheca campanulata 
algicola 
ornata 
ornata cornuta* 
trilobata* 
Cupelopagis vorax* 
Beauchampia crucigera 
Floseularia conifera* 
janus* 
ringens* 
Limnias ceratophylli 
Ptygura barbata* 
crystallina* 
longicornis bispicata* 
melicerta mucicola* 


vecies of sessile Rotatoria. 
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The first figure in each cell of 
the table shows the number of localities in which the pair was observed to occur together. 


The second figure, in 
parentheses, shows the number of times the pair was expected to occur together on the basis of random, inde- 





pendent distribution as calculated by the method described in the text. The total number of localities in which 
each species occurred in the 194 investigated is shown in parentheses after the name of the species. Italics 
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pedunculata (18)... 
Limnias ceratophylli (23) 
melicerta (54)...... 
Octotrocha speciosa (13). 
Pseudoecistes rotifer (9) 
Ptygura barbata (15)........... 
beauchampi (39) 
|) 
crystallina (38)........ 
longicornis bispicata (51) 
melicerta (16).......... 
m. mucicola (42). . 
m. socialis (22)...... 
pedunculata (16). . 
pilula (49) ; 
Sinantherina ariprepes (9)... 
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Stephanoceros millsii 
Collotheca campanulata* 
ornata* 
ornata cornuta* 
trilobata* 
Ptygura barbata* 
beauchampi 
Ptygura melicerta mucicola 
melicerta (type)* 
melicerta socialis* 
beauchampi* 
brevis* 
crystallina 
longicornis bispicata* 
pedunculata* 
Beauchampia crucigera 
Collotheca algicola* 
campanulata* 
Floscularia conifera 
pedunculata 
Limnias melicerta 
Sinantherina socialis 
Stephanoceros fimbriatus 


We turn now to a consideration of the effect of 
environmental faetors on the distribution of rotifers 
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in an attempt to discover the extent of such effect 
and the basis of the association of species. 


FACTORS AFFECTING THE DISTRIBUTION 
OF SESSILE ROTATORIA 


As a first method of attack, the lakes were ar- 
ranged in order of concentration of the substance 
under consideration, and the series then divided into 
two equal groups, one of lakes above the median, 
the other of lakes below the median. In all diseus- 
sion and tables to follow, the former is called the 
upper range, the latter the lower range. The number 
of occurrences of each species in each range was 
then counted from the faunal lists. Species indif- 
ferent to concentration of the substance should oceur 
in equal numbers in the two ranges. Species which 
cannot tolerate high or low concentrations should 
occur in greater numbers on one side of the median 
than on the other. The significance of all differences 
found here were tested by chi-square as discussed be- 
fore. This method of study has the advantage of 
easy calculation. It exposes immediately any marked 
trend for a species to occur at extremes of concen- 


signify differences significant to the 5% level of probability or better (chi-square of 3.8 or larger) while bold- 
faced type indicates differences significant to the 1% level of probability or better (chi-square of 6.6 or larger). 


Yates’ correction was used whenever one of the numbers was 


by an asterisk. 


5 or less. Cases of possible replacement are marked 
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tration, but gives no information about the extent of 
tolerance within each range. It may 
nificant responses to chemical concentration, partic- 
ularly limitation to a narrow range centered on the 
median, but is unlikely to present spurious correla- 
tions if there is a reasonable number of lakes in each 
group. This method was supplemented by dividing 
the range of concentration into divisions of equal 
length, and studying the frequency of species in the 
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it is necessary to take ac- 
count of the number of lakes in each class of con- 
centration. These methods, together with a tabulation 
of the extremes of concentration in which the species 
occurred should give an adequate idea of the dis- 
tribution. If desired, of course, the group of collee- 
tions can be studied further by quartiles, or even finer 
divisions, but for the present purposes, the median 
seemed sufficient. The foregoing list gives the largest 
and smallest values of pH and bicarbonate concen- 
tration, in that order, in which the species have been 
found. 


on units of concentration, 


HyproGen Ion 

Active concentration of hydrogen ion is the faetor 
which has received most attention in regard to the 
distribution of Rotatoria, and is the one for whieh 
most data are available in this study. Values of pH 
were determined as soon after collecting as possible, 
either colorimetrically or, more usually, potentio- 
metrically. Data were obtained for 136 lakes. The 
range was 3.5-9.2, the median 6.8. 

The list given previously shows the extreme values 
of pH in which species were found, while Table 2 
gives the distribution of some species around the 
median value of pH. All species which showed 
significant limitation to one side of the median are 
listed as well as some that did not. Chi-square values 
are given. The lists which follow show species which 
seem to react to pH in a definite way. 

TABLE 2. Distribution of sessile Rotatoria around the 
median of pH. The number of occurrences above and 
below the median and the chi-square values are given. 
The number of lakes in each group is shown. 














NUMBER OF 
OccURRENCES IN 
Chi 
ete er Upper Square 
Range Range 
(3.5-6.8) | (6.9-9.2) 
LaKESs 
SN NED 55: 0-0 sia.) wien ers 9 23 
Ns Nain macwews ae caeeies 47 40 
Mo vie one uae heer ined 12 5 
SPECIES 
Ptygura melicerta mucicola....... 5 34 21.4 
Collotheca algicola.............. 2 16 10.8 
Sinantherina socialis............ 1 12 9.2 
Collotheca heptabrachiata Siedvens all 11 2 6.2 
Stephanoceros fimbriatus......... 8 21 5.8 
PIP NINN garcons se esie elon 28 13 5.4 
Ptygura brevis...... éaaereata 2 10 5.3 
Ptygura melicerta suniidite. ete 6 16 4.5 
Lacinularia flosculosa ........... 0 6 4.2 
Floscularia pedunculata.......... 8 1 4.0 
Ptygura beauchampi............. 13 24 3.2 
Collotheca campanulata 
longicaudala.........ceceseee 7 1 *2.1 
Collotheca corynetis...........++. 7 1 *2.1 
Collotheca campanulata.......... 11 20 2.6 
Stephanoceros millsii............ 10 4 2.5 
Floscularia decora.............+. 5 1 1.5 
Ptygura melicerta type........... 5 9 1.1 
Cupelopagis voraz...........4++: 5 11 32.2 
Collotheca ornata cornuta......... 17 22 0.6 
Limnias melicerta............... 20 26 0.8 
Ptygura longicornis Sdanteate Diora 25 21 0.3 














*Without Yates’ correction, these give significant chi square values. 
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Species oceurring in lowest range (3.4-3.5, one 
locality) : 
Collotheca heptabrachiata 
ornata 
Ptygura pilula 


Species occurring in the highest range (9.0-9.1, 
one locality) : 


Collotheca algicola 
campanulata 
Floscularia janus 
Ptygura melicerta socialis 
peduculata 
Sinantherina socialis 


Species living entirely below pH 7.0: 
Collotheca campanulata longicaudata (found in 8 
localities ) 
Floscularia decora (found in 5 loealities) 


Species able to live at pH 8.0 or greater (12 loeal- 
ities represented) : 
Acyclus inquietus 
Collotheca algicola 
ambigua 
campanulata 
gracilipes 
ornata* 
ornata cornuta* 
Cupelopagis voraxr 
Stephanoceros fimbriatus 
Floscularia janus 
ringens* 
Lacinularia flosculosa 
Limnias melicerta* 
ceratophylli 
Octotrocha speciosa (?) 
Ptygura beauchampi* 
longicornis bispicata* 
brevis 
erystallina* 
melicerta 
melicerta mucicola 
melicerta socialis 
pedunculata* 
pilula* 
velata* 
Sinantherina socialis 


Ptygura pilula is interesting in that it definitely 
favors acid water, although it occurs through a very 
wide range of concentration (4.7 units). The other 
two species which have about as great a range, 
Collotheca ornata and Limnias melicerta have no 
preference for one part of the range. Beauchampia 
crucigera has the narrowest range of all, 1.8 units 
(found in 12 lakes), while Ptygura barbata in 9 
lakes had a range almost as small (1.9). 


BICARBONATE 


The bicarbonate content of New England and 
Pennsylvania lakes was determined by titrating 100 
ec. samples with 0.01 N. sulfuric acid, using the 
methyl orange end point. The number of ce. of acid 
used multiplied by a factor of 6.1 gives the milli- 


* Species also found at pH of 5.0 or less. 
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grams per liter of bicarbonate ion, and this is the 
method .of expression: ,used. here. » The. Wisconsin 
data were expressed as “bound carbon-dioxide” 
(Juday, Birge and Meloche 1935) which is five times 
the number of N/44 acid used in titrating 100 ce. 
of water. The Wisconsin figures were converted to 
bicarbonate by multiplying them by a factor of 2.8 
] 100 
(= — X —- X 6.1). Data are available from 96 
5 44 
lakes. The range is 1.8-317.8 and the median 28.1 
mgm./1. Most Wisconsin determinations are from the 
records of the Trout Lake Limnological Laboratory. 
Table 3 gives the distribution of some species 
around the median of bicarbonate, and the extreme 
values at which each was found were listed previously. 
Certain species had definite limitations with reference 
to bicarbonate as shown by the lists which follow. 
TABLE 3. Distribution of sessile Rotatoria around the 


median of bicarbonate concentration. Explanation as in 
Table 2. 





NUMBER OF 
OCCURRENCES IN } 
| 
| 











| 
| 
| 
Chi 
| Lower Upper Square 
| Range Range 
| (1.8-27.5 | (28.7-317.8 
| mgm./1.) mgm./1.) 
Lakers | 
New Bogland...........66000..| 17 18 
Naas bas) pinibea' cca boetonietes om 26 26 
MN ioc ac ens ok waisaewien oars 5 + 
SPECIES 
Ptygura melicerta mucicola....... 9 29 10.4 
ee 1 10 7.3 
Pegged Garbale ... . occ ccccccne. 9 0 7.2 
I ook.k e's cacs os. c0 ok08 19 6 6.7 
Beauchampia crucigera.......... 13 3 6.2 
Collotheca corynetis.............. 7 0 5.2 
Stephanoceros millsii............ 10 2 5.2 
Ptygura longicornis bispicata..... 21 9 4.8 
Collotheca ornadta...........0000 13 4 4.7 
Octotrocha speciosa.............. 8 1 4.0 
Ptygura melicerta socialis........ 6 13 2.6 
Ptygura pedunculata............ 3 9 3.0 
Ptygura melicerta type.......... 7 z 0.0 
Collotheca heptabrachiata diadema . 5 0 3.2 
Lacinularia flosculosa........... 0 5 3.2 
Collotheca algicola............... 5 11 2.2 
Cupelopagis vorar............... 7 6 0.0 
Collotheca ornata cornuta......... 16 12 0.6 














Species found in a very wide range: 
Collotheca gracilipes 
Cupelopagis vorax 
Stephanoceros fimbriatus 
Floscularia conifera 
Lacinularia flosculosa 
Ptygura pilula 
Sinantherina ariprepes 


Species able to live in concentrations greater than 
84 mgm./1.: 
Collotheca campanulata 
gracilipes 
ornata 
cornuta 











Cupelopagis vorax 
Floscularia conifera 
janus 
pedunculata 
ringens 
Lacinularia flosculosa 
Limnias ceratophylli 
melicerta 
Pseudoecistes rotifer 
Ptygura beauchampi 
brevis 
crystallina 
longicornis bispicata 
melicerta mucicola 
melicerta socialis 
pilula 
velata 
Sinantherina ariprepes 
socialis 
Stephanoceros jfimbriatus 
millsii 


Species found in concentrations above 252 mgm./1.: 


Collotheca gracilipes 
Floscularia conifera 
ringens 
Limnias melicerta 
Ptygura crystallina 
Sinantherina ariprepes 


Species found only in concentrations less than 84 
mgm./1.: 


Collotheca algicola 
campanulata longicaudata 
coronetta 
corynetis 
heptabrachiata diadema 
judayi 
stephanochaeta 
trilobata 
Beauchampia crucigera 
Floscularia decora 
melicerta 
Octotrocha speciosa 
Ptygura barbata 
linguata 
longipes 
melicerta 


Lacinularia flosculosa, which occurred too infre- 
quently to give a significant chi-square, seems con- 
fined to the upper range of bicarbonate (as well as 
of pH). The type form of Ptygura melicerta is 
evenly distributed between the two ranges, although 
hard water is mildly favored by variety socialis, 
strongly favored by variety mucicola. 


CALCIUM 


Unfortunately, calcium determinations are avail- 
able for only fifty of the lakes studied. Just one 
species gives a significant chi-square as shown by 
Table 4. Nevertheless, recalling the close correlation 
between calcium, bicarbonate and pH, demonstrated 
for Wisconsin by Juday, Birge & Meloche (1935), it 
may be suspected that the large number of small, 
unnamed, acid localities excluded from this diseus- 
sion actually had a low calcium content, and a cor- 
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TABLE 4. Distribution of sessile Rotatoria around the 
median of calcium. Explanation as in Table 2. 














NUMBER OF 
OccURRENCES IN 
pare ee: 
| Lower | Upper Square 
| Range | Range 
| (0.22-5.6 | (6.65-35.0 
mgm./l.) | mgm./1.) 

LAKES 
ois gc Gis a high | 19 22 
Penmoylvamia. ........ccccess | 6 3 

SPECIES | | 
Ptygura melicerta mucicola..... . 4 13 4.6 
Collotheca corynetis............. ' 4 0 2.2 
Stephanoceros millsii............ | 4 0 2.2 
Lacinularia flosculosa..... ewer 0 4 2.2 
Floscularia conifera....... : ; 8 3 1.4 
Ptygura pilula........ . 8 3 1.4 

| 





relation with the rotifer fauna could be demonstrated, 
given a large enough number of determinations. <A 
number of species occurred at concentrations as high 
as 38 mgm./1. and also at 5 mgm./1. or lower; they 
are listed. 

Collotheca gracilipes 

Flosecularia conifera 

ringens 

Lacinularia flosculosa 

Limnias melicerta 

Ptygura pilula 

Sinantherina socialis 

Stephanoceros fimbriatus 


MAGNESIUM 


Data on magnesium are available for 38 lakes in 
which rotifers were collected. The range was 0.088- 
23.5, median 2.8 mgm./1. The only species limited 
significantly is Ptygura melicerta mucicola which was 
found three times below the median, eleven times 
above. Species which tolerated concentrations of 
magnesium of at least 20 mgm./1l. are listed here. 
All oceurred at much lower concentrations as well. 

Collotheca campanulata 
gracilipes 
ornata 
ornata cornuta 

Floscularia conifera 
janus 

Lacinularia flosculosa 

Limnias melicerta 

Ptygura longicornis bispicata 

erystallina 
velata 

Sinantherina ariprepes 


CoNDUCTIVITY 


The conductivity of water, expressed as reciprocal 
megohms, inverse of resistance, is known for 50 of 
the lakes in which rotifers were collected. Conducetiv- 
ity is a measure of ionically dissociated material in 
the water, modified by the presence of large colloidal 
micelles. Conductivity then increases with mineral- 
ization of the water while added humus decreases it. 
since ions are adsorbed on the humus. There is, how- 
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ever, a general correlation between conductivity and 
certain dissolved solids, as demonstrated for Wiscon- 
sin by Juday & Birge (1933). The range studied 
was 6-245 reciprocal megohms with a median of 44. 
As a result of the small number of data, only Ptygura 
melicerta mucicola showed a significant limitation. 
Table 5 shows the distribution of several species. A 
TABLE 5. Distribution of sessile Rotatoria around the 
median of conductivity. Explanation as in Table 2. 





NUMBER OF | 
OccURRENCES IN | 
} 








Chi 
Lower Upper Square 
Range | Range | 
(6-42) | (45-245) | 
LAKES | 
ISON  . vecavcecan earl 21 20 | 
Pennsylvania... . } 4 5 
SPECIES 
Ptygura melicerta mucicola . 3 12 | 4.2 
Octotrocha speciosa ........ Pe 5 | 0 3.2 
Ptygura longicornis bispicat : 10 5 | Le 
Ptygura pilula........... : 9 2 | 3.2 
Collotheca ornata cornuta......... 7 1 3.1 
Floscularia janus.... on ot 13 5 3.4 





number of species tended to oceur in waters of low 
conductivity. These were 
Collotheca corynetis 
ornata 
ornata cornuta 
Ptygura longicornis bispicata 
crystallina 
pilula 
Stephanoceros millsii 


Other species occurred more frequently in waters of 
high conductivity. These were 

Collotheca algicola 

Lacinularia flosculosa 

Ptygura melicerta socialis 


OTHER FAcToRS 


Distribution of sessile rotifers seemed to show no 
correlation with dry weight of plankton, but there 
was evidence of a correlation with the color of the 
water; this might be expected since highly acid 
waters are usually deeply colored. Residue, ex- 
pressed as milligrams per liter, is the material left 
after evaporation and ignition of a water sample, 
and might be expected to show the same general 
correlations as conductivity, at least in waters of low 
humus content. Only thirty-eight lakes were avail- 
able, and just two significant limitations are exposed 
as shown in Table 6. 

Little can be said about the effect of available food 
on distribution as no consistent observations of asso- 
ciated food organisms. The two families studied feed 
by radically different methods, and eat rather differ- 
ent food organisms. It may be expected that con- 
ditions which favor the existence of small ciliates 
such as Coleps and Colpoda will also favor many 
Collothecidae, while conditions favoring small flagel- 
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TABLE 6. Distribution of sessile Rotatoria around the 
median of residue. Explanation as in Table 2. 





NUMBER OF 
OccCURRENCES IN 





| 
| 











| Chi 
Lower Upper Square 
Range | , Range 
| (14.9-47.5 | (49.3-98.6 
| mgm./1.) | mgm./I.) 
LAKES } 
WOON 5s cc exes ; S 19 | 19 
a —$ | _ | = 
SPECIES | 
Ptygura melicerta mucicola 1 | 13 10.2 
Ftygura nelicerta socialis 2 10 5.2 
Frygura pilula.. . i | 1 3.0 
Beauchampia crucicera. 4 | 0 2.2 





ssthadlintesntiiesieda atlas: 





lated algae, minute blue green algae and_ bacteria 
will also favor Floseulariidae. The work of Noland 
(1925) and Picken (1937) suggests that physical or 
biological factors ean favor one or the other of these 
two sets of food organisms, and so likely affect the 
fauna. 


In passing it may be noted that many of the lim- 
itations observed by their effects of the frequency 
with which species are found in a great number of 
collections are substantiated by data on the abun- 
dance of the same species in collections. For in- 
stance, Ptygura pilula has been found in extreme 
abundance in six localities, all of them quite acid 
(pH 3.5-6.1), despite the fact that the species can 
live in relatively hard, alkaline water. 


DiscussION 


The data given seem to indicate a relationship be- 
tween occurrence of certain species and the chemistry 
of the water. It is a fact of observation, for in- 
stanee, that in 138 lakes, Ptygura melicerta mucicola 
tended to occur in the higher range of pH. The 
probability that the data given for the variety in 
Table 2 could be duplicated if there really were no 
relationship is considerably less than one in a hun- 
dred. This, as pointed out previously, does not 
necessarily mean that hydrogen ion is the factor to 
which the rotifer responds. The effective factor could 
be something which is correlated with pH, such as 
calcium or bicarbonate. This is exactly the situation 
exposed by Jewell’s experiments with sponges (1939). 
Such experiments would be very difficult to perform 
with animals as small as rotifers, although culture 
experiments offer some hope for future work. Up 
to the present, the author has been unable to obtain 
lasting cultures in the laboratory. Another method 
of attacking the problem is to analyze field data. 
The correlation between environmental factors is not 
perfect, of course, so that in a large series of col- 
lections, it will usually be found that several with 
the same pH value will vary in bicarbonate concen- 
tration, and extreme collections may give information 
about the effective factor. Data of this sort provided 
by Yoshimura (1933) suggest that the cladoceran 
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Holopedium is caleifuge rather than acidophil. Table 
7 summarizes the correlations with pH and bicarbon- 
ate of all species which are significantly limited by 
one or both. 


TABLE 7. Species which are significantly limited with 
reference to the median of pH, bicarbonate concentra- 
tion, or both, with the observed ranges of tolerance 
extracted from Table 4. U marks the species which are 
found most often in the upper range (above the median), 
L those which are found most often in the lower range 
(below the median). 





| 





Bicarbonate 
Species pH Range Range 

Species which are limited with reference to pH, not bicarbonate. 
Collotheca algicola................ U 6.2-8.8 | 10.4- 57.2 
iP. sc ciccncc cece) ke Qo TS 3.0- 16.5 
Cupelopagis vorar.. . aacecie U §.2-8.5 : 255.4 
Floscularia pedunculata............| Lo 4.1-6.8 3 
Lacinularia flosculosa..............| U 7.1-8.5 8 
Ptygura melicerta socialis...........| U 5.6-9.2 e 
Sinantherina socialis...............| U 5.9-9.2 4 
Stephanoceros fimbriatus............| U 5.7-8.8 4 








|- 
Species which are limited with reference to bicarbonate, not pH. 


Beauchampia crucigera.............| L 5.8-+7.6 1.8- 59.2 
Collotheca corynetis................| L 4.1-7.5 | 4.9- 16.5 
iota 06c-vece seek tesa ae eer ane 3.0 - 131.2 
Octotrocha speciosa................ L 5.7-7.5 4.9- 32.9 
Piggure Savtele..............cc0.s0--)  5.2-7.1 5.5- 28.7 
longicornis bispicata........) L 4.1-8.8 1.8 - 165.3 





Species which are limited with reference to both pH and bicarbonate. 


Ptygura melicerta mucicola.........| U 6.2-8.8 10.4 - 165.3 
MN a verevtncntcensscoul i enews 11.0 - 131.2 
BS ocoinciecuh sraaisioceecwaes L 3.5-8.2 1.8 - 265.4 











Beauchampia crucigera occurs in a narrow range 
of pH centered around neutrality. The bicarbonate 
range is rather narrow also. Figure 2 shows that the 
species had ample opportunity to occur at much 
higher and lower pH values and higher bicarbonate 
concentrations. It is unlikely that this is a random 
pattern especially when the strong association with 
Ptygura longicornis bispicata, also shown in the fig- 
ure, is recalled. Very likely Beauchampia crucigera 
shows sensitivity to both pH and bicarbonate, being 
restricted by high and low values of the former, high 
values of the latter. Ptygura barbata may be lim- 
ited the same way. 

Collotheca heptabrachiata diadema occurred in 
waters as alkaline as pH 7.4, although the highest 
bicarbonate concentration in which it occurred was 
only 16.5 mgm./l1. Probably this species is kept out 
of hard waters by alkaline earth bicarbonates rather 
than by the concomitant high pH. The distribution 
of C. corynetis is very similar, and is shown in Fig- 
ure 2. It did not oceur at all above the median 
concentration of bicarbonate. 

The difficulty with determining the identity of 
effective environmental factors by this method is that 
the probabiltiy of finding any given species is so 
low that its absence from any class of lakes is not 
significant unless that class is represented by a great 
number of collections. The four species named above 
may be taken, however, as being almost certainly 
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limited by the factors named. In addition, the vari- 
eties of Ptygura melicerta and Collotheca algicola 
are certainly limited by bicarbonate, but since they 
also show a very special selection of substrate, fur- 
ther discussion is postponed. 

The data presented so far might be taken as evi- 
dence that the distribution of sessile rotifers is gov- 
erned by chemical factors. But one of the most 
obvious and tangible parts of the habitat of sessile 
organisms has not yet been considered; the substrate. 
If substrate plants are limited in distribution by 
chemical factors, and if any sessile species is more 
or less limited to certain substrates, then, with the 
evidence already presented, it is impossible to know 
whether the primary requirement of many rotifers 
is a proper chemical environment or a proper sub- 
strate. This problem has received considerable atten- 
tion. 


THE RELATIONSHIP BETWEEN SESSILE 
ROTATORIA AND THEIR SUBSTRATE 
THE EFFECT OF SURFACE AS SUCH 

Shelford’s statement, quoted by Frohne (1938), 
that the plants of a lake could be replaced by glass 
structures of the same shape, size and surface texture 
without greatly affecting the immediate food relation- 
ships, has been shown by Frohne to be rather over- 
drawn, but it is nevertheless true that surface as such 
plays an important part in aquatic ecology. One 
effect of the presence of surfaces can be demonstrated 
by caleulating the maximal population of rotifers in 
a series of habitats differentiated largely by the 
amount of surface present. The three types chosen 
are: (1) pelagie region of lakes, with an inconsider- 
able amount of solid surface, (2) littoral region with 
considerable plant surface, and (3) capillary water 
of damp sand beaches with an enormous amount of 
surface. Data for maximal populations in each type 
of habitat are listed: 

1. A casual search of literature on American 
plankton shows that the largest population of all 
free-swimming species to be expected is in the order 
of 1,200 rotifers per liter (e.g., Campbell 1941). 

2. Ahlstrom (1933) made an extensive quantita- 
tive study of the free-swimming littoral fauna by 
dipping measured quantities of water from a small, 
weedy pond-like embayment of Lake Erie. The 
maximum population was 4,619 rotifers of all species 
per liter. Kofoid (1908) found a maximum of 5,200 
in the net plankton of the Illinois River which con- 
tains many littoral species. Since one would expect 
to find larger numbers in immediate contact with the 
plant, data taken during the present studies are 
added. These will be given in detail in Part II at a 
later date. The maximum population of any sessile 
species ever treated quantitatively was about 25,000 
individuals per liter on Utricularia. The volume eal- 
culated was that of a cylinder enclosed by the tips 
of the leaves. This number of rotifers does not in- 


clude any free-swimming species, which are the only 
ones in the other determinations. 
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Fig. 2. Distribution of Beauchampia crucigera with r eference to pH and bicarbonate concentration (mgm./1.). 


Each dot represents observed values for a locality. 


open circles, and the area in which they lie is outlined by a solid line. 
For comparison, the area containing the points of occurrence of Ptygura longicornis 


in which all localities fall. 


Localities in which Beauchampia occurred are indicated by 


The outermost solid line enclosed the area 


bispicata is outlined by a finely dotted line, and the lakes containing Collotheca corynetis are represented by tri- 


angles. 

3. Pennak’s data (1940) on the sand fauna show 
that the maximum population of all rotifer species 
was in the order of 1,155,000 individuals per liter 
ot damp sand, or about 4,620,000 per liter of the 
water contained therein, since a typical sand sample 
contained 25% water by volume. 

These figures can be rounded and compared as 
follows: 


Plankton 1,000 per liter 
Littoral 5,000 
Sessile 25,000 
Sand 1,155,000 


While the ratio of surface to volume cannot be de- 
seribed quantitatively in a comparable manner, it is 
plain that the more surface there is, the larger the 


population which ean develop, even if the surface is, 
in effect, made of glass. 


Factors WxHicH AFFECT THE DISTRIBUTION OF 
SUBSTRATE PLANTS 

During the progress of this study, it became clear 
that different plants did not bear the same rotifer 
fauna, quantitatively or qualitatively. Utricularia 
vulgaris americana could usually be counted on to 
furnish more specimens of more species than any 
other plant in the same locality. There were some 
notable exceptions to this. Since some rotifers were 
apparently limited by chemical conditions, it was 
necessary to study factors affecting the distribution 
of plants to see if the fauna of different plants was 
different because both plants and animals were lim- 
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ited to the same habitats, or whether there was some 
quality about the plants themselves which made them 
suitable or unsuitable as substrate. 

The data from Wisconsin and New England are 
treated separately here since collections in the two 
regions were made with different The 
Wisconsin collections were made to furnish lists of 
rotifers from as many different types of localities as 
possible and to furnish as much taxonomic material 
as possible. 


objectives. 


Most collections were made in the viein- 
ity of the Trout Lake Limnological Laboratory in 
Vilas County, although some were made near Madi- 
son. The Trout Lake Region has been described by 
Juday and Birge (1930). Critical taxonomic studies 
of the flora were not made, but plants were usually 
identified to genus. For a study of distribution, it is 
convenient to divide them into three very arbitrary 
categories : 
All species of Sphagnum. 


All species of Utricularia (mostly U. vulgaris 
americana). 
All other plants (chiefly Myriophyllum, Potam- 


ogeton, Megalodonta, Fontinalis, Anarecharis). 


group was studied with 
reterence to the median and range of each factor, in 
just the same as the distribution of rotifers. All 
three groups showed significant limitation by pH and 
bicarbonate, the first two groups being more common 


The distribution of each 


in soft, acid water, the third being more common in 
hard, alkaline water. 
Table 8. 
magnesium, and residue also. 
that such a heterogeneous group as the third should 
not extend further into the acid range, but the results 
are in general agreement with Fassett’s findings in 
the same region (1930). Since most of the plants 
collected in Wisconsin with 
flexuous leaves and stems, the third group is almost 
equivalent to Fassett’s Growth Form 1. Rossbach 
(1939) diseussed the distribution of Utricularia. 
U. vulgaris americana is euryionice. Its tendeney to 
oceur in acid water in the Wisconsin collections is a 
result of the distribution of the The 
species occurs in small, quiet localities, most of which 


The data are summarized in 
There was some correlation with ealeium, 
It may be surprising 


were submersed forms 


collections. 


were acid in these collections. 

In New England, chiefly Connecticut, an attempt 
was made to obtain a more adequate representation 
of the flora in all localities. 
ticable were and 
This region has been described by vy (1940). 
It is different from Wisconsin in a number of fea- 
tures, and these differences are reflected in the flora. 
Sphagnum bogs were rare in the regions visited. In 
Connecticut the lowest pH obtained was 6.0, the 
highest 9.2, and the median 7.1. For the Wisconsin 
Lakes studied, the corresponding figures were 3.5-8.5, 
median 6.8. Within the restricted range of 
Connecticut waters few plants showed marked lim- 
itation with reference to the median of pH. Exeep- 
are (1) Sphagnum, which two 
mildly acid localities and one mildly alkaline pond 


As many plants as prae- 


collected examined for rotifers. 
Deevey 


more 


tions oeeurred in 
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TABLE 8. Distribution of Wisconsin plants with ref- 
erence to chemistry of water. Above: the numbers give 
the frequency of occurrences above and below the 
median of various dissolved substances (upper and 
lower ranges). Below: extreme values of pH and bi- 
carbonate in which the groups of plants were found. 





Bicar- Magne- 
Plant Range pH bonate | Calcium sium Residue 
Upper 0 0 0 0 0 
Sphagnum | 
Lower 12 4 3 3 3 
i Upper 11 1 5 3 2 
Utricularia. . . 
Lower 26 21 13 14 16 
| Upper 25 23 17 16 19 
All others. . 
Lower 3 7 9 7 5 
Value of median...... 6.8 28.1 6.3 2.8 48.4 


Range in 


Utricularia 
Ee ee a 


4.6- 8.5 5.6- 8.4 


All others 





Bicarbonate (mgm./l.) . . " 1.8 - 14.6 | 1.4-317.8 | 3.0- 317.8 


' 


to which it had been transplanted, and (2) the Lem- 
naceae, which occurred more frequently on the alkaline 
side of the median. The latter observation does not 
agree with the more extensive collections by Hicks in 
Ohio (1932), but is deseriptive of the Connecticut col- 
leetions. Plants which oceurred most abundantly in the 
harder, or upper range of bicarbonate were Anacharis, 
Ceratophyllum, Chara and the Lemnaceae. Some 
plants grew in much greater numbers in hard water, 
although they are represented by seattered individuals 
in softer waters, and show no statistically significant 
limitation to hard water. This was especially true ot 
Ceratophyllum, Chara, Ranuneulus, Anacharis and 
Gloeotrichia. Plants common in the softer 
range were Utricularia purpurea, Myriophyllum and 
Fontinalis. This terminology will be used through- 
out the diseussion that follows; when a species is 
present in very great numbers in a single collection 
it will be abundant, otherwise But 
when a species is found in a high proportion of 
localities investigated, regardless of whether repre- 
sented by few or by many individuals, it will be 


more 


ealled searee. 


called frequent or common, otherwise, rare. 
Evidently plants collected in Wisconsin and Con- 
necticut were affeeted by some chemical factors by 
which rotifers were also affected. It 
sary to find out how great an effect the flora of a 
lake has on the fauna. In the discussion, the words 
prefer and preference will be used in a descriptive 


is now neces- 


sense to indicate more frequent occurrence of ani- 
mals on one substrate than on another. 
ATTACHMENT OF ROTATORIA TO PLANTS 

The problem of substrate preference or limitation 
is discussed from the standpoint of three different 
methods of analysis: (1) comparison and contrast 
of the fauna of different plants, (2) examination of 
the frequeney of attachment of various rotifer spe- 
cies to different substrate plants, and (3) experi- 
mental analysis. 
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FAUNA OF DIFFERENT PLANTS 


For this discussion, substrate plants are grouped 
in a general morphological system, and the fauna 
of each group discussed. Such a procedure has the 
advantage of simplifying the discussion and eaneel- 
ling any errors made by the author in plant tax- 
onomy. The Connecticut data are chiefly used here 
since the collections were more thorough than else- 
where, and the region is more homogeneous chem- 
ically than Wisconsin. The Wisconsin data are used 
for comparison, confirmation, and to furnish ex- 
amples of Sphagnum bogs. Utricularia and Sphag- 


num are treated separately, but other genera are 
grouped according to the form of the leaf. The 


groups as defined have no relation to Fassett’s Growth 

Forms. The classification may seem to have no botan- 

ical justification, but from the point of view of the 

rotifer, it seems to work fairly well. 

Group 1. Utricularia. Chiefly U. vulgaris americana, 
but includes U. purpurea, U. minor 
U. intermedia. 


and 


Group 2. Sphagnum. All species collected. 


Group 3. Submersed plants, mostly with finely divided, 
rounded (convex) leaves. Myriophyllum, 
Nitella, Chara, Proserpinaca (in part), 
Eleocharis (in part), ete. 

Group 4. Submersed plants with predominantly flat or 
very gently convex leaves, whether finely 
divided or not. Potamogeton, Ranunculus, 
Anacharis, Naias, Vallisneria, Lobelia, 
Lemna trisulea, ete. 


Group 5. Rooted plants with flat, floating leaves of 
large expanse. The water lilies and 
Nymphoides. 

Group 6. Free-floating plants. Lemna minor, Spiro- 
dela. 

Group 7. Periphytie colonial algae. Gloetrichia, Coleo- 
chaete. 

Group 8. Filamentous, green, periphytic algae. Chiefly 


Oedogoniales. 


Group 9. Miscellaneous. All plants, submersed or 
emersed, not included in the first eight 
categories including Fontinalis. Chiefly 


flat forms as Galium, Typha, ete. 


Table 9 shows the frequency of attachment of com- 
mon species of rotifers to these types of plants. The 
numbers are neither numbers of collections nor of 
habitats, but are weighted for the number of genera 
of each type of plant in every locality. All species 
found in Conneetieut during 1940-41 are included. 
The table ean be taken as showing roughly the rel- 
ative frequency of plant types in lakes in Connecticut 
and Massachusetts and relative frequency of rotifers 
on those plant types. Both figures are caleulated on 
the same basis so that faunae of different types may 
be compared. 

The preference of most species for Utricularia is 
strikingly shown by Table 9. Also, more species of 
rotifers have been found on this plant than on any of 
the aggregate groups. found 
often on Utricularia may be listed. 


Species especially 
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Beauchampia crucigera 
Collotheca ambigua 
campanulata longicaudata 
coronetta 
corynetis 
gracilipes 
heptabrachiata diadema 
Floscularia decora 
melicerta 
Octotrocha speciosa 
Ptygura barbata 
Stephanoceros millsii 


All of these species have been found attached to 
other plants also, but much less frequently. This is 
especially striking when the relative frequencies of 
the plant groups are considered. The variety and 
abundance of the Utricularia fauna is largely due to 
the species vulgaris variety americana. Utricularia 
purpurea, collected in 9 New England lakes (aceom- 
panied by vulgaris in 5), bore ten species, all of 
which have been found on vulgaris. They are listed 
with the number of times found on U. purpurea. 


Beauchampia crucigera ] 
Collotheca gracilipes 1 
ornata ] 

trilobata 1 
Floscularia conifera 2 
janus 2 

Ptygura barbata 2 
longicornis bispicata ] 
crystallina ] 
Stephanoceros millsii 2 


The Sphagnum fauna raised an interesting ques- 
tion, for it is known that a number of free-swimming 
rotifers are almost entirely restricted to pools con- 
taining the moss (Heinis 1910, Hauer 1935, 1937-38, 
Myers 1942). Typical examples are Lecane satyrus, 
Lecane galeata, Cephalodella tachyphora, Trichocerca 
rotundata, Proales Since Sphagnum lives 
almost exclusively in acid water, these species appear 
to be acidobiont. The attached Sphagnum fauna re- 
ceived considerable attention in Wisconsin, but all 
species found attached to that moss have also been 
seen on other plants except three rare species not 
shown in Table 9. These were Collotheca 
and C. cucculata, each represented by one specimen, 
and C. sp. (Edmondson 1940), represented by two 
individuals. Collotheca heptabrachiata appears in 
the table as limited to Sphagnum, but the author has 
seen it on Utricularia in a collection made long be- 
fore the present study was started, as did Hood 
(1895). Some species oceur very frequently on both 
Utricularia and Sphagnum, and seem almost ¢on- 
fined to the two plants. They are listed. 

Collotheca campanulata longicaudata 
coronetta 
heptabrachiata diadema 
ornata 

Stephanoceros millsii 


minima. 


sessilis 


A certain number of species seem to favor plants 
characterized by finely divided, convex leaves (Groups 
1 and 3): 
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TABLE 9. Frequency of attachment of sessile Rotatoria to various types of plants as defined in text. The first 
figure in each cell refers to collections in Connecticut and southern Massachusetts. The second figure, in paren- 
theses, refers to Wisconsin collections. The frequencies are weighted, so that if a species attached to two genera 
of the same group in a locality, it was recorded twice for the plant type. The row labelled collections gives the 
total frequencies of the plant types in lakes, similarly weighted. 































FLOSCULARIIDAE: 
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Number of rotifer species. 


Floscularia ringens 
Ptygura brevis 






pedunculata 
pilula 
Stephanoceros fimbriatus 








On the other hand, flat surfaces (Groups 4 and 5) 
seem to be adequate or even very suitable for others. 









Collotheca ornata cornuta 





Cupelopagis vorax 
Floseularia conifera 






janus 
Limnias melicerta 
Sinantherina socialis 






Although five species have been found on the two 
genera of algae included in Group 7, Collotheca 
algicola and Ptygura melicerta are practically lim- 









1 | 2 3 





PLANT TYPES 


4 5 6 7 8 9 


Collections......... ; ...| 38 (47) 3 (14) | 78 (87) | 88 (29) | 27 (8) | 17(-) | 48(—) | 48(—) | 51(-) 

COLLOTHECIDAE: 

Collotheca algicola ...... aS aa cel etait ss ptstehek Wie Se TRO HE” clartasiels 8 (8) DS rvenars 
anbigua. . Se pen ee on 3 (4) Bree eel Gees eg eer ean ees etm lee mra ea. lav Ream mer wary ene 
campanulata.............. a 2 eee Zz (3) | 2 1 8 (7) 3 
c. longicaudata........... 1 (a) (1) | S| Aer | ser Pee Gl reer ere ose a! awe ei 
coronetta...... 2 (0) (1) | Vs | tate tecreetets | Ppa eats wy MR ia ere Ce Rae pot eee 
NOS igs oar he ware PB, MU er a | corer a (eRe eeannary! lean ernaa| MervCee en ck) | GMS ew sa ER a ie (1) 
gracilipes................ 2 0 re (1) : NAMI) Ubersite Wil (pened avercnmea Pal! dota nieieas Mowe aed ot 
heptabrachiata.............| c++: OP Sorrel. ae Po acieeto i Lac ebesr [sl gees. BP erntele dll baw aa 
R. GiGdema............. : (3) (3) i oF 1 
SE ee 3 (10) (3) 3 oy 1 1 (1) 2 (2) 2 
WIN oo sks oer sicink ves 6 (La) 1 (3) 1 (3) 5 (2) 4 i er ee 1 @ 2 
IN fe oh SeihKains. Sia.’ 8 (3) 1 (1) 1 2 R) Je eee so heen 

Cupelopagis voraz............... a MP ixardtas 1 Re Ut secs : SS REE eee | eer | 3 

Stephanoceros fimbriatus............. 6 (S) 4 (6) a) aera ; nn Meer ie sere aie 

ee ere 3 1 


Beauchampia crucigera.............. on 4 a Re | en Gece 5 (3) 3 
Floscularia conifera................. 15 (11) 1 (1) | 14 @) 7 @ 8 (1) | WH one Il netcicors | 9 
| eee ee (9) Rp ws cae totene Ue Pc he di See OE, i Te Bl reek ie SU al arose Min calito ah 
oT DY RE ae ee aera 9 (0) + (2) 9 (1) OP Aare etd tie wha 3 (7) | 3 
A ee oO) oe | “ore 3 rime || eset | OR neee rete Mkmerns SB | Briers = 
Ce aire en rae 3 (4) (1) 8 3 (1) (1) » i: Sets) Seeerees 3 
Lacinularia flosculosa............... i eee (2) "pri eae RoR Meonsens | Ee Mec eres Beenie nH ia ey 
Limnias ceratophylli................ a ee (4) eee Be * ( Satan tence | § 
SI oe sie ate notte 11 (11) (1) | 12 () 8 (1) 3 (1) ee erty ee renee 10 
MMEONOORIES, . 5s koe cs cc e.] oot | on ee | wees a GR ERT a ges SAE Asa | Berane 1 
Octotrocha speciosa. ................ PO EE aaa Ai ror ral Ma Ons Meat | ER I te | MR ee (BS Aste 1 
Ptygura barbata................ Cikel ON. Become Wee ess Cl BNR rim, Greer nec al | oeeetce f (3) | --...- 
OCGUERGMPE. . 0 ses. 1 (1U) 1 le: a (ere 1 EO actin ees 1 
ee ee eae 1 (1) JON 2 eRe Neem | Re deem beta er (aera | Sonne are 
ea ae 24 re « (4) 4 3 3 | (1) S @ 5) 
longicornis bispicata..........| % (la) 1 (2) 5 (9) 3 ee Bec eee 5 (3 8 
| Se Pe srerormare I Ve pyprsteza, MMR ot UL Waleqosy Suse Ponte scatecey WP larotava eee EE eee 4) aes ere 
ee SW Wee aren ce ate te OMRON al an Wn grat oat dearer TERRE TD eatccons: be eearesets 
ng re a Sat eeeses dsttehecee h Sere 2 ese 2 ly eee (1) 
pedunculata......... ee he?) (1) (6) aS Re ee eer se 1 1 
eee ......{ 1 (8) (6)| 3 A) 2 Be GT eats 3 (3)| 4 
ae Aen i Re Oe REMMI EPID Mecsoaeres wat gas tare eI no) © ad Bn dans 5, Sek Mee Ney Al erecta 1(?) 
Sinantherina ariprepes.............. is 2 (1) | 3 Be Nera cose le vaetises |e aerwreret 1 
eae Jf EEN | i a POO, Serena, Chenery Gapaer 2 


ited to it. Certain species sometimes attach to epi- 
phytic green algae (Group 8), but several have been 
found attached with both frequence and abundance. 
They are: 

Beauchampia crucigera 

Collotheca campanulata 

Floscularia janus 

Ptygura barbata 

longicornis bispicata 


In order to indicate more completely the fauna of 
abundant aquatic plants, all species found attached 
to certain genera of substrates are listed. The figure 
after each rotifer name is the percentage occurrence 
of the rotifer on the plant in collections; that is, the 
number of times each plant was collected, ineluding 
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repeated visits to certain localities, was divided into 
the number of collections in which the rotifer was 
found on the plant. These figures are based on data 
from Connecticut and southern Massachusetts during 
1940-41 only, and may be taken as roughly propor- 
tional to the probability of finding the species on the 
plants in that region. Species without a number 
have been found on the plant in other collections. 
Numbers are rounded to the nearest whole percent. 
Note that Table 9 is necessarily ecaleulated on a 
somewhat different basis. 


MYRIOPHYLLUM 


Beauchampia crucigera 6 
Collotheca campanulata 
ornata 6 
ornata cornuta 3 
trilobata 3 
Floscularia conifera 25 
janus 12 
pedunculata 
ringens 
Lacinularia flosculosa 
Limnias ceratophylli 3 
melicerta 6 
Ptygura beauchampi 6 
brevis 3 
crystallina 3 
longicornis 3 
longicornis bispicata 3 
pedunculata 
pilula 6 
Sinantherina ariprepes 3 
socialis 
Stephanoceros fimbriatus 9 
millsii 3 
CERATOPHYLLUM 
Beauchampia crucigera 4 
Collotheca ornata cornuta 
Cupelopagis vorax 4 
Floscularia conifera 9 
ringens 18 
janus 4 
Limnias ceratophylli 4 
melicerta 22 
Ptygura beauchampi 
brevis 9 
crystallina 4 
longicornis 4 
longicornis bispicata 4 
pilula 
Sinantherina ariprepes 4 
socialis 9 
Stephanoceros fimbiatus 4 
CHARA 
Beauchampia crucigera 10 
campanulata longicaudata 5 
Collotheca campanulata 5 
ornata 
ornata cornuta 5 
Floscularia conifera 25 
ringens 
Limnias melicerta 25 
Ptygura longicornis bispicata 5) 


EcoLoGIcAL STUDIES OF SESSILE ROTATORIA 


NITELLA 


Beauchampia crucigera 
Floscularia conifera 

janus 

ringens 
Limnias melicerta 
Ptygura longicornis bispicata 

pilula 
Stephanoceros fimbriatus 
millsti 


POTAMOGETON 


Beauchampia crucigera 
Collotheca campanulata 
gracilipes 
ornata cornuta 
trilobata 
Cupelopagis vorax 
Floscularia conifera 
janus 
melicerta 
ringens 
Limnias ceratophylli 
melicerta 
myriophylli 
Ptygura beauchampi 
crystallina 
longicornis bispicata 
pedunculata 
pilula 
Sinantherina ariprepes 
socialis 
Stephanoceros fimbriatus 


RANUNCULUS 
Collotheca ornata cornuta 
Cupelopagis vorax 
Floscularia conifera 

janus 
Limnias melicerta 

ef. shiawasseenesis 

Sinantherina socialis 


ANACHARIS 


Beauchampia crucigera 
Collotheca ornata cornuta 
Cupelopagis vorax 
Floscularia conifera 
janus 
ringens 
Limnias melicerta 
ceratophylli 
Ptygura crystallina 
pedunculata 
pilula 
Sinantherina socialis 


FONTINALIS 


Beauchampia crucigera 
Collotheca ambigua 
ornata cornuta 
trilobata 
Floscularia conifera 
janus 
melicerta 
Limnias ceratophylli 
melicerta 
Pseudoecistes rotifer 
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Ptygura longicornis bispicata 3 
pilula 3 
tacita 3 
Sinantherina socialis 6 
Stephanoceros millsii 3 


It is evident that next to Utricularia, Myriophyllum 
is the most favorable single genus. Ceratophyllum 
has always impressed the author as being an espe- 
cially poor plant for colleeting sessile rotifers. While 
fifteen species have been found on it, they are almost 
always rather searce in any collection. Wulfert 
(1939) lists a number of species attached to Cerato- 
phyllum in a pool where there were no other plants. 
In connection with the usual poor quality of this 
plant as a substrate, Edmondson (1940) reported a 
remarkable situation existing in Boulder Lake, Wis- 
consin where the reproductive state appeared to be 
affected by the substrate. As a general rule, the 
extent of division of the leaf into fine parts is di- 
rectly correlated with the number of 
individuals attaching. 


species and 


FREQUENCY OF ATTACHMENT TO SUBSTRATES 


Specific Analysis 


The preceding pages have shown that each sub- 
strate plant type bears a different fauna. We now 
proceed to examine more closely the species of Rota- 
toria which attach only to a limited number of plants. 
The more outstanding examples have been published 
in preliminary fashion (Edmondson 1940). 


Collotheca gracilipes 


Collotheca gracilipes (Figure 1A) has been found 
in about fifteen localities, several times in great 
abundance. With a few quantitatively insignificant 
exceptions it is always found attached to Utricularia 
vulgaris americana. In Boulder Lake, Wisconsin, a 
few specimens were found on Ceratophyllum. 
specimens have been found on Utricwaria purpurea 
Fair numbers have been found 
Bird Pond, 
Connecticut, but not nearly in as great abundance as 
on Utricularia vulgaris in the same pond. 


Single 


and U. intermedia. 
on Potamogeton pusillus in Preserve 
This pond 
is carpeted with Chara, but never, in an extensive 
series of collections, was the rotifer seen attached to 
that plant. In the Woodbridge Skating Rink pond, 
Connecticut, the rotifer occurred in such abundance 
as to give the plants a fuzzy appearance to the naked 
eye, yet no individual found atatched to Fon- 
tinalis which covers most of the bottom of the pond. 
On one occasion, 50 moss tips taken within 20 centi- 
meters of the tip of a Utricularia plant were very 
carefully examined, but no Collotheca gracilipes was 
found. Obviously this rotifer has a very well marked 
preference for Utricularia vulgaris. Moreover, most 
specimens are found on the fresh, green leaves near 
the growing tip of the plant. This localized distribu- 
tion suggests very special reactions to the substrate. 


was 


The nature of the preference has been examined ex- 
perimentally, and is reported subsequently. 


W. T. EpMoNDsSON 
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Ptygura melicerta 


The taxonomic status of Ptygura melicerta has 
been discussed before (Edmondson, 1940), so that the 
details need not be repeated here. It is sufficient to 
say that in addition to the type, there are two vari- 
eties which are well known in the literature. The 
identity of the type form with Ehrenberg’s species 
is, however, in question. 

All three forms of the species have occurred prin- 
cipally in colonies of the alga Gloeotrichia (Cyano- 
phyta), but the two varieties mucicola and socialis 
have also been found in Coleochaete 
(Chlorophyta). Although the two algae are tax- 
onomically quite different, they are alike in that the 
colonies consist of radiating thalli, truly branched in 
Coleochaete, with gelatinous sheaths. The substrate 
requirements then appear to consist of closely set 
filaments, sheathed with gelatinous material, and pro- 


colonies of 


viding spaces in which the rotifers can live. The 
alga in which Ptygura melicerta and its varieties 
have been most often found is Gloeotrichia. The 


type form has not yet been seen in Coleochaete, but 
P. m. mucicola has been found in the latter alga four 
times while P. m. socialis has been found there only 
once. The author knows of no other records of this 
rotifer on Coleochaete, as Gloeotrichia (Rivularia) is 
the only published substrate for the species. 


There has been only one clear exception to the 
oceurrence in Gloeotrichia or Coleochaete of animals 
undoubtedly referable to this species. In Taylor 
Lake, Wisconsin, six specimens were found attached 
close together on the coneave side of a Fontinalis 
leaf which carried a considerable number of slender 
Oedogonium and some Bulbochaete thalli. Evidently 
this situation simulated the requirements well enough 
to satisfy the reactions of the rotifers. No Gloeo- 
trichia was observed in the collection. 

We are now in a position to diseuss further the 
chemical limitations of Ptygura melicerta. It will be 
remembered that Ptygura melicerta mucicola has a 
strong tendency to oceur in hard, alkaline waters, 
P. m. mucicola a less strong tendency, while the type 
form shows no significant limitations to either side 
of the median value of pH or bicarbonate. This 
trend is shown graphically in Figures 3 and 4. P. m. 
mucicola has the largest bicorbonate range, and is 
found at considerably higher values than the other 
forms, although the upper pH limit is not mueh dif- 
ferent. Since the form ean tolerate low bicarbonate 
concentrations and relatively low pH values, it seems 
likely that it is found more frequently in hard water 
because the substrate is more common there. Gloeo- 
trichia, in common with many other blue-green algae 
‘an become very abundant in hard water, and is very 
common in sueh loeations; although it ean live in 
relatively soft water, it is never abundant there, and 
is rarely found. Therefore, the limitation of this 
form to hard waters is more a matter of the dis- 


tribution of substrate than one of direct reaction to 
the chemical nature of the habitat. 
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Fig. 3. Frequency histograms of occurrence of the 
lasiobiontic species of sessile Rotatoria with reference 
to pH. Each block represents one occurrence in the 
designated pH range. The distribution of lakes con- 
taining at least one lasiobiontic species is shown at the 
bottom. The triangle shows the location of the median 
of these lakes, and the circle shows the median of all 
lakes investigated. 


Ptygura melicerta socialis occurs in a much wider 
range of pH than the other forms, but it is not found 
in as high bicarbonate concentrations as P. m. muci- 
cola. That it can tolerate low pH values is shown by 
its occurrence in a bog near Presque Isle Lake, Wis- 
consin at a pH 5.6 (erroneously reported as 3.5 by 
Edmondson, 1940). From an examination of Figure 
4, it seems likely that socialis does not show such a 
strong limitation to the upper part of the bicarbon- 
ate range as mucicola because it does not tolerate as 
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high coneentrations, and 1s therefore excluded from 
many hard lakes. It does not appear often at low 
pH and bicarbonate values because of the relative 
searcity of Gloeotrichia there. 
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Fig. 4. Frequency histograms of occurrence of the 
lasiobiontie species with reference to bicarbonate con- 
tent expressed as alkalinity where 1 unit of alkalinity 
is equal to 6.1 mgm./1. of bicarbonate. Other explana- 
tion as in Figure 3. 





This tendency is carried much farther in the type 
form of the species. While it occurs through a con- 
siderably wider range of pH than mucicola, the 
upper limit of bicarbonate is much lower than that 
of the other two forms. Evidently the type, like 
variety mucicola, is kept out of alkaline lakes by the 
co-occurrence of bicarbonate, and cannot oceur in 
soft lakes because of the lack of necessary substrate. 
It will be noticed in Figures 3 and 4 that each form 
is represented at the highest concentrations by only 
one occurrence. Nevertheless, the general shape of 
the distributions confirms the conelusions. 


Collotheca algicola 


Hudson originally described Collotheca algicola as 
living in colonies of Rivularia pisum (now Gloeo- 
trichia) and, as far as the author knows, it has never 
been found on any other substrate, even Coleochaete. 
The species can occur in very alkaline waters, but 








like the type form of Ptygura melicerta, does not 
tolerate high concentrations of bicarbonate, and so, 
in spite of its survival at alkaline pH values, is not 
common in hard water. Figures 3 and 4 show the 
frequency distribution of C. algicola with relation to 
that of the three forms of Ptygura melicerta. It 
obviously resembles that of the type of P. melicerta, 
and the same explanation of the limited distribution 
of the species holds good. Collotheca algicola and 
Ptygura melicerta type were much rarer than the two 
varieties of P. melicerta (Table 1). This probably 
is simply a result of sensitivity to both substrate 
and bicarbonate concentration; the reactions oppose 
each other, and the number of inhabitable lakes is 
relatively very small. Symbols at the bottom of 
Figures 3 and 4 show that the lakes containing this 
and the previous species are, as a group, harder and 
more alkaline than the entire set of lakes sampled. 


Collotheca campanulata 


Although Collotheca campanulata (Figure 1E) has 
been found on a number of substrates, it has attached 
to epiphytie green algae rather frequently, and in 
collections, is apt to occur in greatest numbers on 
epiphytes. On Utricularia and Ceratophyllum, the 
species usually oceurs singly, with the individuals 
isolated from each other, but on Oedogonium they 
are often crowded together. On one occasion, 37 
animals were attached to a piece 3.6 millimeters long. 
This species has never been found in great abun- 
danee in any lake except in the presence of epiphytes, 
to which it attached in preference to other substrates. 


Floscularia janus 


Floscularia janus has been found attached to more 
kinds of substrate than the previous species, but 
nevertheless has a strong tendency to attach to epi- 
phytes. It has been collected in very great abun- 
dance in five localities, each time in the presence of 
epiphytes to which the rotifers were attached more 
often than to other surfaces. 


Ptygura barbata 


attaches with some fre- 
quency to epiphytic green algae is Ptygura barbata 
(Figure 1F). The only other substrate to which it 
attached in New England was Utricularia, although 
Mr. F. J. Myers has found it sparingly on Myrio- 
phylium in Pennsylvania. The species has been par- 
ticularly abundant in two loealities, Bug Lake in 
Wisconsin and Lake Chaugogagogmanchaugagogehau- 
bunagungamaug in Massachusetts. In both localities, 
almost all the specimens were attached to epiphytic 
algae growing on Utricularia, few to the Utricularia 
itself. 

The five species of algicolous rotifers just listed 
require further discussion. Gloeotrichia colonies can 
probably be regarded as part of the lasion, since 
individual thalli are not found. When the alga is 
abundant, furthermore, colonies may become con- 
Collotheca algicola and 
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Ptygura melicerta are then lasiobionts, in the ter- 
minology of Meuche (1939). Stands of Oedogonium 
included in the present work are regarded as epi- 
phyton in most eases, for only occasionally did they 
form mats of inter-related thalli on the substrates 
studied. Therefore Collotheca campanulata, Ptygura 
barbata and Floscularia janus are to be regarded as 
lasiophils. In addition to these, Beauchampia cruci- 
gera and Ptygura longicornis bispicata may become 
rather abundant on the algae, although attaching 
freely to other substrates. 

The rigorous limitation of the lasiobiontie species 
to Gloeotrichia and Coleochaete is likely a result of 
a reaction of larvae to the shape and texture of the 
surfaces rather than to their chemical nature in view 
of the wide taxonomic differences in the substrates, 
especially in view of the exceptional occurrence of 
P. m. socialis among Oedogonium in Taylor Lake. 
At least one free-swimming rotifer, Lindia euchrom- 
atica (Edmondson 1938) is limited to Gloeotrichia 
colonies, having been found in about twenty lakes, 
invariably associated with the alga. The animals 
swim only infrequently, when travelling from one 
colony to another. This and the lasiobiontie species 
have been found abundantly in Gloeotrichia echinu- 
lata, which floats in the water, not attached to a 
substrate. The epiphytophils probably have a thig- 
mokinetie response to highly curved surfaces. Their 
substrate limitation is much less rigorous than that 
of the lasiobionts. It might be suspected that rotifers 
might be foreed to attach to epiphytes either as a 
matter of random distribution to all available sur- 
faces, or that they could not attach to a surface 
largely obscured by epiphytes, and must therefore 
attach to the algae themselves. There is evidence 
against both of these points. In the first place, 
Collotheca campanulata has several times been found 
to attach predominantly to algae even when the algae 
were rather scarce and there was plenty of unob- 
secured Utricularia surface available. Floscularia 
conifera was onee found fairly abundantly among 
a thick stand of Oedogonium of the sort favored by 
F. janus, where the latter species would be expected 
on the algae. Nevertheless, none of the F. conifera 
was attached to algae, every one being directly on 
the substrate among the algae. This shows that an 
abundance of epiphytes does not necessarily exclude 
attachme)t of large rotifers to the chief substrate. 


Cupelopagis vorax 


Probably the only sessile rotifer which avoids 
plants with finely divided, convex leaves in prefer- 
ence for a flat surface is Cupelopagis vorax. It has 
been found most frequently on such plants as Pota- 
mogeton and Vallisneria, and on lily pads. This 
habit very likely has its explanation in the manner 
of feeding, for Cupelopagis is one of the few Col- 
lothecids without long setae radiating from the corona 
to guide small prey organisms to the mouth. It is 
a relatively large, depressed organism with a bowl- 
shaped corona and a flat attachment dise on the 
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venter which allows a considerable amount of lateral 
turning (Figure 1C). When small organisms ap- 
proach, the Cupelopagis turns toward them, and 
very often they enter the corona where they are 
trapped. Obviously this rotifer is at an advantage 
on an extensive, broad surface where there is more 
chance for small, browsing organisms to approach. 
It is probable that Cupelopagis larvae have a posi- 
tive thigmokinetic response to flat surfaces which 
results in attachment, while the response to highly 
convex surfaces is to keep swimming. Evidence for 
this is that on the only oceasion when the author 
found the rotifer in any considerable abundance on 
Utrieularia, almost all of the individuals were at- 
tached to the broad sides of the bladders, only ocea- 
sional specimens being found on the leaves or curved 
sides of the bladders. On one occasion, more than 
sixty individuals were found on small quantities of 
flattened leaves of Potamogeton and Lobelia, but 
none at all on Utricularia growing in the immediate 
vicinity (Mt. Carmel, Connecticut, Pond 1). 


Ptygura velata 


An example of special response to the shape of 
surfaces is afforded by Ptygura velata, which oe- 
curred in very great abundance on Sphagnum eryth- 
rocalyx in a small bog near Trout Lake, Wisconsin. 
The moss has broad leaves which are deeply curved, 
with the opposite edges near the tip close together, 
almost forming a tube. Of the many hundreds of 
individuals seen (two hundred were counted), every 
one was attached very near the tip of the leaf, on 
the concave side, in the tubular part. The animal 
was almost completely enclosed by the leaf, while 
only the head projected above the edges (Figure 
1D). As many as three individuals lived in a single 
tip. 

In a bog near Presque Isle Lake, Wisconsin, the 
same rotifer was abundant on a different species of 
Sphagnum which has long, narrow leaves without 
curled tips. Here the rotifers attached only to the 
coneave side of the leaves, but anywhere from base 
to tip. The rotifer has also been found on the con- 
cave side and axils of Fontinalis leaves. A single 
specimen was found in a fork of an unidentified 
plant of Group 3 in Lake Mendota, Wisconsin. 
Gosse’s original deseription was from Myriophyllum. 
Neither he nor other writers have mentioned any 
such limitations of attachment. The Wisconsin spe- 
cies agrees as well as can be expected with Gosse’s 
description of P. velata, but there has been some 
confusion in the literature about the characteristics 
of the species, and the taxonomic situation is not 
closed. 

Collotheca ornata var. cornuta 


Collotheca ornata cornuta shows a peculiar sort of 
substrate preference in that it is often found in 
great numbers on the under side of Lemna minor 
and Spirodela polyrhiza, although it attaches freely 
to Utricularia and other plants. In 17 collections of 
these plants in 11 locations in New England during 
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1941, the rotifer was found 11 times, in 6 loealities. 
This is a considerably higher incidence than on any 
other plant collected a comparable number of times. 
The distribution on the plants shows a considerable 
hyperdispersion (Gause 1936), for while many plants 
have more than 30 individuals, most have none at 
all. Apparently the young which hatch in such a 
situation do not swim far, for this is true even in 
thickly packed beds of the plants. 


Ptygura brevis 


A species apparently referable to Ptygura brevis 
(Rousselet 1895) was found in 12 localities in Wis- 
consin and Connecticut, and showed a very special 
substrate preference. Every time the species occurred 
on Ceratophyllum (5 localities), all specimens were 
found in the forks of leaves (Figure 1B). Even in 
Ball Pond, Connecticut where the species were abun- 
dant, all specimens were in forks, and almost every 
fork of several plants examined was occupied by one, 
two or three rotifers; none was seen on the sides 
of leaves or on other plants. The species has been, 
taken only in isolated specimens on other plants 
elsewhere; 1 specimen in a fork of Utricularia leaf, 
2 in Myriophyllum forks, and 1 on the side of a 
Utricularia leaf. Two specimens were found on 
Megalodonta wedged between the side of a leaf and 
a colony of Gloeotrichia. The only time the species 
occurred in fair quantity anywhere but in the forks 
of Ceratophyllum was in a bog near Presque Isle 
Lake, Wisconsin on the concave side of Sphagnum 
leaves. 

Apparently Ptygura brevis is strongly attracted by 
negatively curved surfaces, such as forks of leaves, 
where curvature is concave in one direction, convex 
at right angles to that, although plain concave sur- 
faces will be tolerated in the absence of forks. Pos- 
sibly the species studied is not the same as described 
by Rousselet from England, but it fits the deserip- 
tion well. Literature records the species from Myrio- 
phyllum, Ranuneulus and Ceratophyllum, but no 
mention has been made of a limitation to forks. 


Ptygura beauchampi 


Ptygura beauchampi presents a puzzling problem 
which can only be stated without solution. The spe- 
cies was originally found and recorded without nam- 
ing by de Beauchamp (1932) on the lateral, concave 
surfaces of shells of Planorbid snails. The present 
author has found it on a variety of substrates in- 
cluding snail shells where it usually oceurs in groups, 
and in Gloeotrichia where tube formation is partly 
suppressed, the foot projecting far beyond the bot- 
tom of the tube. The remarkable thing is that, in 
any given locality, the rotifer is apt to attach to one 
substrate exclusively, while in another locality it at- 
taches to something else, also exclusively. Examples 
may be given. In three different lakes in southern 
Wisconsin, it was found on snail shells, but nothing 
else. In two localities it oceurred on the trapdoor 
valve of Utricularia bladders, but nowhere else on 
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these places, 96 specimens were counted on a 
tion of: Utricularia; all were attached to valves in 
groups of four, five or six. While this is not a very 
great number of individuals and observations, it and 
the collecting conditions are such that the results 
cannot be attributed to statistical or sampling aecei- 
dents. 

As far as the author could 
morphological differences between specimens from 
different substrates. Other species have occasionally 
shown similar tendencies, but never to the extent 
exhibited by P. beauchampi. For instance, P. longi- 
cornis bispicata, which ordinarily attaches to a num- 
ber of substrates in a given locality, has on oceasion 
been found to limit itself almost exclusively to 
epiphytic green algae, even though the rotifer was 
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EXPERIMENTAL ANALYSIS 


Attempts were made to discover by experimental 
means the factors which operate in some of the ex- 
amples of substrate preference described in the pre- 
ceding section, and the extent of their influence. The 
technique was simple. Small (9 ee.) Stender dishes 
were filled with pond water. Small pieces of leaves 
of two or more different plants were placed in the 
dish. There were no rotifers of any kind on these 
pieces, nor any considerable amount of epiphytic 
organisms. Ordinarily the pieces were made as 
nearly equal in area as possible, but when it was 
known that the rotifer being studied showed a strong 
preference for one of the plants, an excess of the 
other plant was used, generally about twice the area. 
Finally, many reproducing adults of the rotifer were 
These were attached to very small pieces 
of substrate which had been trimmed with iridee- 
tomy scissors. In this way, any tendency towards 
sociality with the adults was minimized or excluded. 

All experimental dishes were kept in a damp cham- 
ber, in diffuse light, as long as any reproduction 
was taking place. Experiments usually ran two or 
three days. The newly attached rotifers on each 
plant fragment were counted every day, and water 
changed in order to keep chemical conditions favor- 
able. Most plant fragments remained green and 
fresh under such conditions, especially those of 
Utricularia, Nitella and Chara, particularly if the 
latter two were cut as close to the cell cross walls as 
possible to minimize loss of cytoplasm to the water. 
Occasionally they grew a little, and Utricularia some- 
times even put out rudimentary growing buds. Some 
dishes were spoiled by excessive growth of bacteria 
and fungi, but usually remained fresh for as long 
as the experiment was continued. Sometimes rotifer 
eggs failed to hatch, even in very fresh cultures, and 
even when the adults possessed plenty of eggs at the 


added. 


beginning. 

If the rotifer under consideration shows no pref- 
erence for either substrate, the number of young 
attaching to each piece should be proportional to 


the area. If there is a preference for one kind of 
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plant, this will be expressed by a greater number of 
attachments to it, and the degree of preference can 
be expressed in terms of the percentage attaching to 
each plant, or by difference between the number 
attaching and the number expected if there were no 
preference. An exact statistical analysis of experi- 
ments of this sort is difficult since they were per- 
formed on a semiquantitative basis; the areas of the 
plants were rarely measured, and it is known only 
that two plants were represented by approximately 
equal areas or that there was at least twice as much 
of one as the other. Yet, under the conditions de- 
scribed, a good idea of the significance of the results 
can be obtained by assuming that equal numbers 
should attach to each substrate. Since the experi- 
ments were always set up with equal amounts of 
substrate or with excess of the unfavored one, this 
procedure has the effect of reducing the apparent 
effect of substrate preference. Therefore, any pret- 
erences that can be observed are surely real. Under 
the conditions of observation and recording, it is 
most unlikely that spurious substrate preferences 
would appear. The differences between expected and 
observed attachments to each kind of substrate were 
tested by chi-square using the usual criteria of sig- 
nificance. All differences given in tables are signif- 
icant unless otherwise stated. It should be pointed 
out that the statistical reliability of such experiments 
is to be achieved better by having a greater number 
of attachments in a smaller number of experiments 
than by having many experiments with only a few 
attachments in each, as long as there is no over- 
crowding. 

Collotheca gracilipes 

The most extensive series was performed with 
Collotheca gracilipes which, in nature, shows a very 
strong preference for young leaves of Utricularia 
vulgaris americana. This series of three 
groups; the first tested the preference between two 
different kinds of plants, the second tested the pref- 
erence between young and old Utricularia leaves, 
while the third tested the preference between fresh 
and chemically modified Utricularia leaves in an at- 
tempt to discover the qualitative difference between 
leaves to which rotifers react. 

Table 10 shows the results of the first group. The 
total number of rotifers attaching to each substrate 
in fifteen pairs is given. Certain experiments need 
elaboration. 

The largest set of substrates was performed with 
Chara and Utricularia. In 11 of the 13 experiments 
the attachments were 


consists 


to Utrieularia ........ 48 
CHOTA ..:...... Sarees ae: 
Bulbochaete on Charz Ne 2 
Debris on Chara ..... ms 2 
Glass bottom of dish .. . 9 


Although Utricularia was by far the least available 
substrate, except epiphytes and debris, it was used 
by almost 80% of the young animals. Only a single 
specimen attached to Chara. The animals which at- 
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TABLE 10. Results of experiments on the substrate 
preference of Collotheca gracilipes, showing the total 
number of rotifers attaching to different substrates in 
the number of experiments indicated. Explanation in 
text. 








Number | 
Substrates attaching | Number of 
| to each | experiments 
Up eae 182 13 
5 Pca Wiech hein e Sta 8 Siete 1 
Pe re eS 13 
| 
LS ae | 48 1 
WOME sce sie Nasr ig pate | 0 
NOIR. «56.4 s:ers00a0evateren 30 2 
Ee 6 
eee 23 ] 
II 05. 5.6 55d cos siaty ee 1 
ee ee 136 | 5 
Ceratophyllum............. 29 
ae ene 84 2 
REI ere eer Oe 6 
} 
re + 1 
Vallisneria..... 0 
i eee 78 | 3 
pe | ee A 29 
ee ae | 135 | 1 
CR er eee 11 | 
OS ee 4* | 2 
RGWUNCWIUS........6. 000000 | 1 | 
| 
Oe | 19* 2 
Potamogeton pusillus....... | 27 | 
a 33 | z 
EI Sis: 55sec 's Ro leiosass | 66 
| | 
Or | 128* | 6 
Myriophyllum............. 108 
| 
Utricularia. .............. | 157 4 
CT URI 6 o.5:0:5 50005 oo ae | 3 | 
Uivieularia... 6.65.0 0505. | 111 4 
U. intermedia. ............ 78 





*Not significant differences. 


tached to glass did so only in two experiments where 
the only Utricularia available was a few small pieces 
introduced with reproducing adults. Evidently the 
rotifers will attach to glass in preference to Chara, 
but only if Utricularia is unavailable. In two other 
experiments where Chara and Utricularia were both 
represented by very fresh, clean portions from near 
the tip of plants, 134 individuals attached to Utrieu- 
laria, none to Chara. Thus Chara is definitely 
shunned by Collotheca gracilipes. Sinee Chara pro- 
duces a volatile, highly odorous compound, it was 
thought that part of the basis for avoidance of Chara 
was a reaction to that substance. Yet, when a piece 
of Chara was boiled violently in pond water for 
several minutes and rinsed well, it was still rejected 
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by rotifers, although 34 individuals attached to Utrie- 
ularia (1 experiment). It is possible, of course, that 
the substance was not completely removed. 

In experiments with Fontinalis and Utricularia, 
some rotifers attached to the moss, but only to young 
green leaves near the growing tip. Ceratophyllum 
was not as favorable as suggested by figures in Table 
12, for of the 29 animals attaching to it, 27 did so 

TABLE 11. Results of experiments on the selection by 


Collotheca gracilipes of modified Utricularia substrates. 
Experiments described in text. 





Number of 

















| 
Experiment | Substrate | Attachments 

SeERIEs A: | 
Wine coat Oe nee | Fresh } 81 
| Modified | 22 

| 
SEIS RAYE RAR eR er | Fresh | 35 
| Modified | 20 

| | 
Be coi Boo a ere | Fresh 55 
| Modified 32 

| 

Pres ctanluseQenaen | Fresh | 154 
| Modified | 90 
| ERR Oe | Fresh 325 
Modified | 164 
| ee ees eee ee | Fresh 105 
Modified | 1 

SERIEs B: 
We ease eaten eee Fresh 30 
Modified 1 
Te ane oe Fresh 76 
Modified | 49 

| 








TABLE 12. Results of experiments on the substrate 
preference of Floscularia conifera. 








| 
Number 
Substrates | attaching Number of 
to each | experiments 
| 
bE er 5* 1 
IE ears Sh esr 2 
Of ae 98 2 
Ceratophyllum............. 27 
Oo ae 42 | 1 
SONGGNUAM. 2. oc ce cece. 4 
US ee 14 2 
Myriophyllum............. 20 
Be Se ere 7 | 
ee 106 | 1 
Potamogeton pusillus....... 15 
CNN eee bcc es 43 
Oe en 38 1 
PS asc is Kio stox one's A 10 
Utriculasia, young......... 29 | 1 
Utricularia, old............ iF ji 








*Not significant differences 
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in one experiment where the material consisted ot 
young parts from near the tip of the plant. In this 
experiment, 42 attached to Utricularia. 

Other plants relatively unsuitable for Collotheca 
gracilipes are Nitella, Sphagnum, Naias, Vallisneria, 
Anacharis, and Eleocharis. While considerable num- 
bers attached to Anacharis, these were all on very 
young tip parts when the only alternative was rather 
old Utricularia leaves. 

Collotheca gracilipes in most experiments did not 
attach to glass, although the area of the dishes was 
considerably in excess of any plant used. But in one 
group of experiments using fresh and modified Utrie- 
ularia leaves, about 100 individuals attached to glass 
while 500 attached to a smaller area of Utricularia. 
There is obviously a preference for Utricularia still, 
but under some circumstances the rotifer can attach 
readily to glass. The author knows of no possible 
differences in the experiments which could account 
for this, for the technique was uniform throughout. 
In order to see whether the presence of periphytic 
baeteria has an effect on rotifer attachment to glass, 
rotifers were offered cleaned, flamed glass rods, glass 
rods coated with bacteria, and a small piece of 
Utricularia as control. More than 100 attached to 
the Utricularia indicating abundant production of 
larvae, but none to either kind of glass rod. The 
only conelusion to be drawn from this negative ex- 
periment is that probably neither presence nor ab- 
sence of bacteria is a critical substrate requirement. 

Under experimental conditions Collotheca gracilipes 
attached in abundance to certain plants in addition 
to Utricularia. Fair numbers have been found on 
Potamogeton pusillus in Bird Preserve Pond, and it 
is of some interest to observe the readiness with which 
it attaches to the plant in experiments. In the two 
experiments, there was a greater area of Potamoge- 
ton available. In an unsatisfactory experiment with 
P. robbinsi, 3 attached to Utricularia, 1 to Potamo- 
geton. Contradictory results were obtained in two 
experiments with Spirodela. In one, 24 animals at- 
tached to Utricularia, none to Spirodela. In the 
other, 9 attached to Utricularia, 60 to roots of Spiro- 
dela and 6 to leaves. Myriophyllum is obviously 
suitable for Collotheca gracilipes. In three experi- 
ments, 23 attached to Utricularia, 67 to Myrio- 
phylllum. The Myriophyllum used in these three 
experiments had been kept for about five months in 
an aquarium and was very fresh and clean in appear- 
ance. In the other three experiments it had been re- 
cently collected, and was rather coarse in appearance. 

Further experiments were performed with equal 
areas of different species of Utricularia. Table 10 
shows that U. vulgaris is preferred to U. intermedia 
and U. purpurea, especially the latter. Collotheca 
gracilipes has been found on each just once in nature, 
each time represented by one individual. U. purpurea 
has curved processes on the epidermal cells which 
give the plant a rather rough surface, and it may be 
this which makes it such an unsatisfactory substrate, 
but there is no such obvious explanation for the 
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relative unsuitability of U. intermedia, for the sur- 
face is almost always smooth and clean. 

The results of the first group of experiments, given 
in Table 10, may be summarized briefly in the state- 
ment that while Collotheca gracilipes favors Utricu- 
laria vulgaris americana over most other substrates 
under experimental conditions, some other plants, 
such as Potamogeton pusillus, Myriophyllum, Spiro- 
dela and the young but not old leaves of Cerato- 
phyllum, are fairly satisfactory. 

Utricularia leaves of different age—Sinee Collo- 
theca gracilipes, in nature, oceurs with greatest 
frequency on the young leaves near the growing tip 
of Utricularia vulgaris americana, it seemed advisable 
to test this preference under experimental conditions 
to see if the phenomenon is a result of orientation of 
the plants, or if there is a difference in the quality 
of leaves of different age to which rotifer larvae 
react. Six experiments were performed in the man- 
ner described before. Young leaves were taken from 
near the growing bud of plants, separated from it 
by no more than three leaves. Old leaves were 
selected well back on the plant, between the twentieth 
and twenty-fifth from the bud. In these experiments, 
89 animals attached to young leaves and only 23 to 
a greater area of old leaves. This is certainly a 
significant difference, and there is probably a qualita- 
tive difference between the leaves. The number of 
animals attached to old leaves divided by the number 
on young leaves gives a ratio of 0.26. 

Fresh and modified Utricularia leaves—Next an 
attempt was made to determine the nature of the 
difference between leaves of varying age. Experi- 
ments were made with leaves modified in various ways 
to see what effect modification had on the reaction of 
rotifers. Sinee the difference could depend either 
on chemical properties of the leaf or on the minute 
physical configuration of the surface, experimentai 
leaves were treated in ways which would alter at 
least one, then offered to the rotifer larvae with a 
fresh piece as control. Two series of experiments 
were made. The results are shown in Table 11. A 
preliminary note has been published (Edmondson 
1941). 

Series A. This series was made using only leaves 
from near the tip of Utricularia separated from the 
bud by no more than five leaves. Pieces of such 
leaves were subjected to the treatments described. 

Experiment 1. Leaves were boiled in pond water 
for two minutes. A _ portion of boiled leaf was 
matched against an equal area of fresh leaf. 

Experiment 2. As in 1, but using ethyl aleohol. 

Experiment 3. As in 1, but using ethyl ether. 

Experiment 4. As in 1, but using acetone. 

The results as shown in Table 11 are similar. In 
all, more animals attached to the unmodified leaves 
than to modified ones, but considerable numbers at- 
tached to the latter, showing that their suitability 
was not completely destroyed. The ratio of the num- 
ber on modified leaves to that on fresh leaves is 0.50, 
or about twice as large as the ratio between young 
and old leaves. This may be interpreted to mean 
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that boiled, young leaves are twice as good as old, 
fresh ones. The various treatments caused a great 
wrinkling of the surface and other extensive dis- 
turbanees of its physical structure, and might have 
been supposed a priori to reduce the suitability of 
the leaf more than the much less evident changes 
accompanying natural aging. 

Experiment 5. <A piece of leaf was soaked in 
warm, strong NaCl solution for five minutes, rinsed 
and soaked in pond water. Only one rotifer attached 
to this leaf. Just what difference there is in the 
effect on the leaf between this and other treatments 
is unknown; the experiment makes no positive con- 
tribution to the series. 

The first four experiments in Series A seem to 
indicate that the rotifer larvae do not react posi- 
tively to some character possessed by the young 
leaves. The solvents would be expected to remove 
any ordinary compounds which might attract larvae 
and negate any special physical qualities of the sur- 
face. Therefore, it seems likely that older leaves 
possess some quality which repels larvae to young 
leaves which lack it. At this stage it appeared to the 
author that a pectin, or some similar substance 
formed as leaves age, were the responsible factor. 
For this reason, a number of experiments was made 
with ammonium oxalate solution, which liberates pee- 
tins from cell walls of plants. Unfortunately, by 
this time only very unsatisfactory Collotheea material 
was available; the only population which could be 
found had started sexual reproduction, so that only 
a limited number of amictic, female producing eggs 
was available. An extensive series of experiments 
with controls was set up; many of these were sterile, 
and only two were successful enough to consider 
further. 

Series B. Old leaves were boiled in 0.5% am- 
monium oxalate solution, rinsed thoroughly in pond 
water, and matched against equal areas of fresh, 
young leaf. 

Experiment 6. The old leaf was boiled for two. 
minutes. Thirty animals attached to fresh leaf, 1 
to old. 

Experiment 7. The old leaf was boiled for ten 
minutes. The fresh leaf had 76 animals, the old one 
49. The ratio of number on boiled leaf to that on 
fresh leaf is 0.64. 


These last two experiments, inadequate as they are 
statistically, suggest that the pectin hypothesis is 
correct, since when the leaf is boiled in a substance 
known to dissolve pectins, it was more suitable to 
the rotifers than when it had not been boiled at all, 
as measured against fresh, young leaf as standard. 
This can be seen by comparing the ratios. 
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In fact, modified, old leaf is somewhat better than 
modified, young leaf, probably because of its firmer 
structure. In one of the unsuccessful control experi- 
ments in which old leaf, boiled in ammonium oxalate 
solution, was matched against unmodified, old leaf, 
only two animals were produced, but both attached 
to the boiled leaf as would be expected. 

On the basis of information at hand, it may be said 
that Collotheca gracilipes larvae seem to react neg- 
atively to a substance, soluble in weak ammonium 
oxalate solution, which is secreted by plant cells as 
they age; this substance is probably a pectin. Fur- 
ther research along the lines suggested above, and 
with experiments in which young leaves are modified 
by pectin preparations, should settle the problem. 
The pectin hypothesis would explain the distribution 
of Collotheca gracilipes on Utricularia vulgaris amer- 
icana plants, but would not explain the infrequency 
of attachment to such pectin free surfaces as glass. 
The tendency to attach to tip parts of other genera 
of plants such as Ceratophyllum and Fontinalis are 
probably of significance in this connection, but there 
is at present no explanation for the superiority of 
Utricularia for this rotifer, or indeed, for sessile 
rotifers in general. It is doubtful that the general 
quantity and quality of the epiphytic fauna is de- 
termined by pectin-like substances. 


Floscularia conifera 


Floscularia conifera was found in abundance on a 
number of substrates, including Chara, in Bird Pre- 
serve Pond at Woodbridge, Connecticut at the same 
time Collotheca gracilipes was abundant in 1940. It 
seemed advisable to experiment with this species, 
both as an example of a less discriminate species and 
as a general control to the Collotheca experiments. 
In experiments, it attached to many kinds of sub- 
strate freely, yet it showed a quantitative preference 
for certain ones. Table 12 gives the data. 

Data in the table show a slight but statistically 
insignificant preference for Utricularia over Chara 
even though Chara is freely used as substrate in 
nature. Although there were by far too few animals 
in the experiment to show the preference definitely, 
it is substantiated by field data from the Bird Pre- 
serve Pond on June 27, 1940. There were 6.9 roti- 
fers per square centimeter of Chara, but 9.5 per 
square centimeter of Utricularia. The methods of 
making such determinations as well as further data 
on the quantitative seasonal abundance of sessile 
rotifers will be given in Part II of the present 
studies. 

Other experiments listed in Table 12 show that 
Utricularia is preferred to other plants except Myrio- 
phyllum which is at least as acceptable. Experi- 
mental results agree rather well with field data on 
the frequency of attachment to the plants used. This 
fact makes it probable that the technique of experi- 
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mentation is eapable of exposing real substrate pret- 
erences, and that the experiments on Collotheca 
gracilipes are generally valid. 

An experiment with young and old Utricularia 
leaves (Table 12) revealed a certain preference for 
the young ones. In nature, this expresses itself only 
weakly, but in a definite, systematic way as will be 
seen in Part II in a detailed study of dynamies of 
natural Floseularia populations. No experiments 
were made with ammonium oxalate. 


Ptygura brevis 


As shown before, this animal is chiefly found in 
the forks of Ceratophyllum leaves. In one experi- 
ment, the substrates offered were a piece of Cerato- 
phyllum with six unoceupied forks and a piece of 
Ranunculus with seven unoccupied forks. In twenty- 
four hours, five forks of each plant were occupied 
with young Ptygurae. The experiment shows that a 
tendency to live in forks is elicited by Ranunculus 
as well as ‘by Cératophyllum. Tiina 


OPTIMAL SUBSTRATES 


Occasionally, some species have been found in 
enormous numbers. As may be expected, species 
which are indiscriminate in choice of substrate usually 
form large populations on a great many plants, while 
those that are selective will be found only on the 
favored plants while others are left almost bare. 
Collotheca gracilipes has been found three times in 
great numbers, and in each ease, all specimens were 
on Utricularia but no other plant. Species which 
appear fairly nonselective in a series of collect:ons 
may yet attach principally to only one plant when 
very abundant. The best examples are Collotheca 
campanulata and Floscularia janus on epiphytes. 
These two species have never been found in great 
numbers except in the presence of epiphytes, to 
which the vast majority of the rotifers were attached. 


EFFECT OF PLANT SUCCESSION ON THE 
RotireR FAuNA 

Now that it has been shown that the fauna of 
several plants is different, and that some species of 
rotifers are highly restricted in their choice of sub- 
strate, we may speculate as to whether there is a 
succession in the rotifer fauna parallel to that in the 
flora. 

The study of plant succession, judged by a series 
of lakes in different stages and by different parts 
of the same lake, has been benefited by the attention 
of Pearsall (1920, 1921) who demonstrated, in the 
English Lake District, a correlation between the per- 
centage of organic matter in bottom deposits, flora, 
and to some extent, chemistry of the water. L. R. 
Wilson (1935, 1937, 1941) studied extensively the 
distribution of plants within a number of Wisconsin 
lakes and related it to the character of the bottom, 
as did Rickett (1922, 1924). It is impractical to 
review here the content of these papers, but refer- 
ence is made to the 1939 paper by Wilson for a 
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general summary, and to the recent paper by Hutch- 
(1942) which gives a brief account of the 
developmental processes of lakes, following work on 
Connecticut lakes including that of Deevey (1942) 
on the history of Linsley Pond. The nature of 
aquatic plant succession as it applies to the present 
paper may, however, be briefly outlined as follows. 
As a lake matures and fills up with endogenous 
and exogenous deposits, there is a progressive series 
of changes in the chemical nature of the bottom 
material, and the water, and in the flora. The exact 
course and final results of the succession depend on 
the nature of the surrounding terrain (paralimnion), 
original shape and size of the basin, character of 
the drainage and the climate. In general the flora 
is very sparse at first, but becomes larger and more 
varied as the bottom deposits grow richer in organic 
matter. Eventually there comes a time when the 
number of plant types is reduced, and the lake passes 
into swamp or bog stages. Naturally bays of irreg- 
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“ular Takes fill ‘faster, and plant: succession in such 


parts may be well ahead of the rest of the lake. 

There has been very little work on changes of 
fauna accompanying plant succession. Maecan (1938) 
studied the distribution of Corixidae (Insecta: Hem- 
iptera) in a large number of habitats with reference 
to stage of floral development. He found a 
correlation between organie content of bottom and 
the bug fauna, this paralleling plant development. 
He could demonstrate at least two distinet sueces- 
sional series. Hutchinson (1940) discussed the pos- 
sibility of succession in Indian Corixids. 

Now in considering the sessile Rotatoria, it must 
be held in mind that any succession of species must 
be affected both by the flora and by the chemistry of 
the water, both of which are related to the nature of 
the bottom. This will introduce a certain amount 
of variation which will obseure the relationships. For 
instance, if there is a probability of 0.80 that a cer- 
tain plant will oceur on a certain kind of bottom, 
and a probability of 0.70 that a certain species of 
rotifer will be found on that plant, then the prob- 
ability of getting the rotifer and bottom type asso- 
ciated is only 0.56, and field data might not reveal a 
significant correlation. In nature the initial prob- 
abilities are much lower and there are usually more 
than two variables; each new variable introduces 
further uncertainty. Nevertheless, an attempt to 
establish a rotifer succession is certainly worth while. 
Unfortunately, there are not yet data on the organic 
content of the bottoms of all habitats studied, and 
it is not practicable to establish a series such as 
Maean set up for Corixidae. Yet, from known facts, 
a general outline can be given in terms of flora and 
chemistry. 

As more, and different plants enter a lake during 
its development, the potential rotifer fauna is cor- 
respondingly increased. The lists of the fauna of 
several plants given previously show in a general 
way what to expect in specific instances, and may be 
used in any system of plant succession. Isoetes, 
Nitella and certain algae appear in quite early 
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stages, but such plants bear a scanty fauna, as do 
other rosette types which live on bottoms with little 
organie matter. As Myriophyllum and certain other 
plants enter in intermediate stages, the fauna is po- 
tentially increased very greatly. However, as devel- 
opment proceeds, the flora is reduced in older stages, 
leaving chiefly plants with floating leaves and those 
of the rosette type. Most of the former would be 
included in our Group 4 (page 47), the latter in 
Group 5. Neither group bears an extensive fauna. 
But as this reduction occurs, or perhaps sometime 
before it starts, the location may become suitable 
for Utrieularia which brings with it a very large 
potential fauna. Moreover, many seepage lakes pass 
into Sphagnum bog stages, and this single genus 
bears a fauna almost as extensive as all of Group 4. 
Thus, with progressive aging of a lake, the sessile 
rotifer fauna becomes more varied, although it is 
very likely that for a very great part of the sueces- 
sion the fauna is fairly stable. Removal of forms 
with flexuous stems and divided leaves such as 
- Myriephyllum~and: some~flat leaved forms does rep- 
resent a definite loss, and makes the probability of 
finding certain species smaller. 


Progressive chemical changes of course affect the 
fauna; sometimes these may accentuate, at other 
times counterbalance floral effects. For instanee, 
Cupelopagis vorax may become abundant on water 
lily leaves in alkaline water, but since the rotifer is 
rare and never abundant in soft, acid waters, lily 
leaves in acid bogs do not bear this species. In gen- 
eral, the rotifer fauna of hard water is less varied 
than that of soft water, so that the Utricularia fauna 
is apt to be relatively poorer in hard water although 
Utricularia may be an important element in the flora 
of alkaline ponds and bays. 


Unlike many groups of organisms (Deevey 1942), 
rotifers apparently leave no persistent microfossils, 
so there is no direct historical evidence for the scheme 
outlined. But since different successional stages can 
occur in different parts of one lake, the effect of flora 
can be studied to some extent in the same body of 
water. As an extreme example, Lake Pocotopaug 
may be chosen. Two parts of the lake were studied 
on several occasions, and the results shown in Table 
13. This large shallow lake has a sparse vegetation 
along the western side in water about three meters 
deep. The bottom is rather sandy and has a small 
amount of Nitella, Eleocharis, Potamogeton and Naias 
in isolated clumps. There is a small embayment on 
the western side which is almost closed off by a ridge 
of sand. The embayment is about thirty meters long, 
eight meters wide, and about a meter and a half deep. 
The mouth into the lake is about two meters across 
and half a meter deep. The bottom of the bay is 
evidently rich in organic material, judging from its 
appearance, and has an abundant flora. There are 
ten plants in the main lake including the two recorded 
substrate algae and nine in the bay, of which five are 
common to bay and lake. If complete collections and 
specific determinations had been made, the number of 
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TABLE 13. Distribution of substrates and _ sessile 
Rotatoria Lake Pocotopaug. Presence of organism in 
bay or lake is signified by an X. Description in text. 











| Bay Lake 
SUBSTRATES: | | 
L,I See eee a | xX 
Po ee eee | xX 
ea ere ae | X 
a, ee ee rere ce | xX 
PN pee Sie sic geet He | xX 
Lh, A ee ee X | X 
tne eet eee xX x 
MN 5. 9 sis'a sia arc weereners X X 
Potamogeton sp. 1.............. X X 
N55 ass cite carson sic Xx | Xx 
| 
Marion... ooo sie oc cows | X 
Le eee | X 
Polamogeon ep. 2.........6.5 66s X 
OI so mnesoc cation. | X | 
RoraToria: | | 
Collotheca trilobata............. X 
Ptygura mélicerta.............. | | X 
| 
Ptygura melicerta socialis....... | Xx X 
Beauchampia crucigera......... | X | Xx 
Ptygura melicerta mucicola...... | xX 
Collotheca campanulata......... | X | 
NN ccc evi cave oars | X 
ornata cornuta........ | X | 
Floscularia conifera............ | X 
ten, a, eee X | 
Limnias shiawasseensis......... | X 
Ptygura longicornis bispicata. . . | X | 
Ptygura crystallina............ | Xx | 
eee es X 
Stephanoceros fimbriatus........ | X | 





species in the bay certainly would have been the 
larger. : 

The rotifer fauna consists of four species in the 
lake and thirteen in the bay, of which only two are 
common to both. One of the lake species is Ptygura 
melicerta which ean live only in Gloeotrichia, and is 
necessarily limited to the lake since that alga does 
not occur in the bay. While this is an extreme ex- 
ample of unequal distribution between two parts of 
a lake, the same thing can be observed in bays with 
wide, deep openings. 


EFFECT OF HaBitTAT SIZE ON THE 
RotiFeR FauNA 


As lakes age and become filled with sediments, they 
grow smaller, and various changes associated with 
size take place which can affect the fauna. The 
amount of wave action is reduced with smaller size, 
and the presence of thick beds of vegetation reduces 
this even further (Meschkat 1934). The measure- 
ment of size used here is quite subjective, but it is 
used consistently. Actually two things are involved, 
the volume of water in the locality and the quanti- 
tative and spatial relation of plants to that volume. 
On this basis, lakes studied in Connecticut and Massa- 
chusetts may be divided into three groups: 
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1.. Large localities, with relatively little vegetation 
and large surface area. Circulation of water is free. 
Bantam L., Spectacle Pond, Winchester Pond, 
Moodus Reservoir, Lake Zoar, East L., East 
Twin L., Beseck L., Waramaug L., Ball Pond, 
Little Pond, Silver L., Cedar Swamp L., Upper 
Pond Lily, Pocotopaug L., Candlewood L., Lins- 

ley Pond, Taunton Pond. 

2. Intermediate localities; smaller, with consider- 
able masses of submersed vegetation, or the lake so 
arranged that it is not subject to much wind action, 
or protected bays of larger lakes. 

Quonnipaug L. (bay), Quassapaug L. (protected 
portion), Congamond Pond, Totoket Backwash, 
Pomperaug Pond, Little L., Bashan Reservoir, 
West Pond, Lake Chaugogagogmanchaugagog- 
chaubunagungamaug (also known as L. Chau- 
bunagungamaug or Webster L.), Black Pond, 
Highland L. 

3. Small localities, with massed vegetation, or well 
protected from wind. 

Mohawk Pond, Pocotopaug L. (bay), three un- 
named ponds on Route 80, Upper and Lower 
South Meadow Ponds, Lyd Hyt Pond, Bird 
Preserve Pond, six unnamed ponds at Mt. Car- 
mel, Pool near Quassapaug L., Pond at Edge- 
wood Park, New Haven, Woodbridge Skating 
Rink, Five Mile Pond, Pocotopaug Pond. 


The two families of rotifers treated in this paper 
show considerable differences in their distribution 
among the three types of habitat so defined. Table 
14 shows the frequeney of species of the families in 
different habitats. The data are shown graphically 


TABLE 14. Frequency distribution of numbers of 
species of Collothecidae and Floseulariidae in large 
(L), medium (M) and small (S) localities. The mean 
number of species is calculated including frequencies 
of O species. See Fig. 5. 
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in Figure 5. Collothecidae are practically excluded 
from large localities, the largest number of species 
ever found in one large lake being four. As many 
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as 9 species of Collothecidae have been found in small 
localities. On the other hand, Floseulariidae are 
more evenly distributed. The difference between the 
distributions of the two families can best be seen 
by comparing the mean number of species in each 
habitat type. 
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Collothecidae 


Fig. 5. The mean numbers of species of the two 
families of sessile Rotatoria in habitats of different 
size as described in the text; large (L), medium (M) 
and small (8S). 


Flosculariidae 


The explanation probably lies in differences in 


feeding. Flosculariidae, like most of the more famil- 
iar rotifers, have an extensively ciliated corona which 
makes currents in the water, bringing food organisms 
to the mouth. Collothecids, on the other hand, have 
the ciliation greatly reduced or absent so that per- 
ceptible currents are usually not developed. Instead, 
most species have long, extremely fine setae extend- 
ing out from the corona (Figure 1A, E). When 
small organisms such as minute ciliates come into 
contact with the setae, they very often follow them 
right down to the corona where they are swallowed. 
It seems most likely that such an apparatus would 
not funetion well in a eurrent of water, or in loeal- 
ities where wave action would displace the setae and 
prevent feeding. The amount and kind of food which 
ean develop in habitats of different size must have 
an effect also, and probably would accentuate the 
direct effect. It might be suspected that Utricularia, 
which is limited to quiet waters, might be responsible 
for the faunal differences, but examination of Table 
9 shows that more than half the species living on 
Utricularia are Flosculariids, so the plant cannot 
bring a predominance of Collothecids into small habi- 
tats. Thus the qualitative nature of the fauna of 
sessile Rotatoria is fundamentally affeeted by physical 
factors associated with habitat size, one of these 
being the quantitative development of vegetation. 
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REGIONAL DIFFERENCES IN THE FAUNA 
Deevey (1940) discussed the features of the four 

physiographie provinces of Connecticut and showed 

that the waters of each region taken as a group are 
different limnologieally. Sinee sessile Rotatoria were 
collected from a number of localities in the three 
largest regions, it is of interest to see if the rotifer 
fauna shows any differential distribution which can 

be correlated with limnologieal differences. Table 15 

shows the number of lakes sampled in each province 

of Connecticut and Massachusetts and the number of 
times that a number of rotifer species and substrates 
oceurred in each province. Chemical data are given 
showing that lakes of the eastern highland are 
softer and more acid than those of the other two 
regions. Lakes of the central lowland and western 

TABLE 15, Distribution of some sessile Rotatoria and 
substrate plants found in Connecticut and southern 

Massachusetts. The figures give the number of oceur- 

rences in each physiographical region. 




















PROVINCE 
nism acumen . —_ 
Western Central Eastern 

Number of lakes. ...... Soe 20 | 16 | 12 
Beauchampia crucigera - Sevepeeny 6 5 | 3 
Collotheca algicola.............. 3 2 | 4 
campanulata 6 2 | 3 
gracilipes 5 0 | 0 
ornata... 5 2 2 
ornata cornuta......... 7 10 3 
SE a er 3 3 2 
Cupelopagis voraz...........44. 1 8 2 
Flosculuria conifera............. 10 3 7 
JOWME... 0055 Aceialan 10 0 1 
WING 6 55X00 eeu 2 6 2 
Limnias ceratophylli............ 5 2 0 
A 9 10 3 
Ptygura barbata. a : 3 1 1 
beauchampi............ 3 2 1 
Ra iia + sce teres 2 3 1 
ea 4 5 3 
longicornis bispicata..... 7 5 3 
ates wave wenne 4 2 | 6 
melicerta mucicola....... 8 8 | 5 
melicerta socialis........ 1 2 2 
pedunculata, . : 3 2 0 
IN sisi rears hewee ae 3 1 8 
PINs: Gena si-0'tlee a stan tocar 0 1 1 
Sinantherina ariprepes.......... 2 1 1 
ING: fickernw keine 4 1 1 
Stephanoceros fimbriatus......... 5 2 3 
ee 4 1 6 
MIO 6 sins ci ckhoc ewes 9 9 | 10 
Myriophyllum.......... 0.0.02... 5 2 | 5 
Covatophglium. 5... . cc cccccess 5 9 1 
a een 3 1 ~ 
oe spi A OE PEE Be 2 | 0 1 
Vallisneria...... UWeee Caer leee 7 | 0 4 
«sa ighss hy OU EE Te OS 9 7 2 
a) ee Eee 10 ¢ | 4 
ER care a Pow, nS 10 6 | 7 
ihrer. as an ee 11 13 7 
MINE ain is sie core peduncchse ne 4 | ll 1 
on EI ee ree pene 8 | 10 | 9 
Ln ee 14 | 11 8 

mean pH............0.........| 76 | 7.6 | 6.7 

mean bicarbonate (mgm./1.)..... | 28.1 | 53.7 | 23.2 
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highland have the same mean pH, but bicarbonate 
concentration is higher in the former. Thus each 
region is clearly distinet with reference to pH and 
bicarbonate. The table shows also that each region 
has a distinet fauna with reference to the frequency 
with which various species were collected. It should 
be borne in mind that each region is represented by 
a different number of lakes. 

Collotheca ornata cornuta occurred most frequently 
in the central region. This species shows little re- 
sponse to chemical factors and attaches to a wide 
variety of substrates. But it has, nevertheless, a 
particular preference for Lemna and Spirodela which 
accounts in part for the distribution since those 
plants are by far most frequent and abundant in the 
central lowland. 

Cupelopagis vorax occurred with greatest frequency 
in the central lowland. Both chemical and substrate 
conditions are more favorable to this species there 
than elsewhere. 

Ptygura pilula is striking in that it occurred most 
frequently in the eastern highland where fewest lakes 
were examined. It has been seen that this species 
oceurs most frequently at low concentrations of bi- 
carbonate and at low pH values. Evidently the dis- 
tribution is a result of regional chemistry. 

Ptygura melicerta mucicola is least common in the 
eastern highland as is Gloeotrichia. The alga and 
the rotifer beeame very abundant only in the hard 
water lakes of the central region, and both organ- 
isms were represented by few specimens in soft water 
lakes of the eastern and western highlands. 

Collotheca gracilipes is completely and Floscularva 
janus almost limited to the western region. There is 
no explanation evident for these, either in distribu- 
tion of substrate or in chemical differences. 

Regional differences are also evident when the 
most common species of the fauna are considered. 
The most common species in the central lowland was 
Collotheca ornata cornuta, but in the western high- 
land, seven other species were more common and five 
were more common than it in the eastern highland. 
Lists are given for the ten most common species in 
all of Connecticut and southern Massachusetts and 
for the twelve most common species in Wisconsin 
with the number of localities in which they were 
found. 


Connecticut and Massachusetts: 
Limnias melicerta 22 
Ptygura melicerta mucicola 21 
Collotheca ornata cornuta 20 
Floscularia conifera 20 
Ptygura longicornis bispicata 15 
Beauchampia crucigera 13 
Ptygura melicerta 12 
Ptygura pilula 12 
Cupelopagis vorax 11 
Floscularia janus 11 


Wisconsin: 


Ptygura pilula 30 
Ptygura beauchampi 28 
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Collotheca ornata cornuta 26 
Ptygura longicornis bispicata 25 
Ptygura melicerta mucicola 21 
Limnias melicerta 20 

Ptygura crystallina 19 
Collotheca campanulata 17 
Stephanoceros fimbriatus 17 
Beauchampia crucigera 17 
Floscularia janus 17 

Ptygura melicerta socialis 17 


The most abundant species in Wisconsin, Ptygura 
pilula, is tenth from the top of the Conneetieut list, 
although it was the most common one in the eastern 
highland of Connecticut. Ptygura beauchampi, whieh 
was very abundant in Wisconsin, does not appear 
among the ten most abundant Connecticut species. 
Some of the differences between the two lists may be 
explained on the relative proportions of hard and 
soft water lakes in the two sets of collections, but 
many of them appear to be a result of rather irveg- 
ular geographical distribution. 


GENERAL DISCUSSION 


Now that some facts of the distribution of sessile 
Rotatoria have been traced, it is well to recapitulate 
the main ideas covered, in connection with existing 
knowledge of Rotatoria in general. Several aspeets 
of distribution may be considered. 


GEOGRAPHICAL DISTRIBUTION 


The distribution of most rotifers is geographically 
extensive, or as it has been put, potentially cosmo- 
politan. Thus Testudinella patina, Lepadella patella 
and Cephalodella gibba are found almost everywhere, 
and have recorded from all continents and a 
number of islands. Actually, however, it is to be 
doubted that the active distribution results in the 
deposition of all species in every lake. Methods by 
which rotifers distributed most likely include 
transportation of resting eggs by winds, animals and 


been 


are 
such agencies as the most usual ones. These agencies 
are very effective in transporting species over large 
distances, but can hardly be other than random; thus 
the actual distribution of rotifer lakes is 
irregular. The distribution of common species might 
be expected to be quite extensive, but “spotty” in 
that some species have simply never been introduced 
into certain habitats which may be quite close to 
Indeed, of two isolated 
clumps of one species of plant in a single pond, a 


eggs to 


ones containing the species. 


species of free-swimming rotifer may be very abun- 
dant in one, completely absent in another (Myers, 
in litt.). If collections are adequate to represent 
actual distribution, then absence of a species from a 
lake can be the result either of its never having had 
an opportunity to live there, or of the chemical or 
physical unsuitability of the water, or even because 


of biological factors such as the presence of effective 
predators. 
Nevertheless, 


there is a considerable number of 
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species which seem for no apparent reason, to be 
restricted to rather limited geographical regions, even 
though suitable habitats are widely distributed. Sev- 
eral examples can be given. Kellicottia bostoniensis 
has never been found outside of northeastern United 
States and southern Canada east of the Mississippi, 
although it is a very common and abundant plankter 
there, found in the hypolimnia of many rather soft 
water lakes (Campbell 1941). 
found in Massachusetts by the visiting English miero- 


The species was first 


scopist Rousselet, who was certainly eapable of find- 
ing it in England if it lived there. Another species 
found by Rousselet on the same trip was the plank- 
tonie Ptygura libera which has been found in several 
states including New Hampshire and Wisconsin, but 
outside of the United States. 
platessa and Paraploesoma formosum ave large, eon- 


never Trichocerca 
spicuous, littoral species found in abundance in many 
soft, acid water habitats in United 
States, but nowhere else although de Beauchamp 
made a special search for the latter in French habi- 
tats similar to those in which it 
(F. J. Myers, in litt.) Acyclus inquietus is a sessile 
species always found associated with Sinantherina, 
usually S. 
side of eastern North America, although Sinantherina 


northeastern 


is known to oeeur 


socialis. It has never been reported out- 


socialis is a widespread, common species which has 
been known in Europe for nearly two centuries. A 
few species are probably endemic to the Lake Baikal 
region in Asia. These are distinctive plankters and 
should have been recognized if they occurred else- 
where. 
known only from South Africa where it may beeome 
Other examples are given by Ahl- 
There seem to be no species clearly 


The easily recognizable Keratella reducta is 


very abundant. 
strom (1943). 
limited to Europe, although some of the more recently 
described species, not vet found elsewhere, may be so. 

A factor which appears to affect rotifer distribu- 
tion on a global seale is climate, for there are several 
species limited to tropics or subtropies, or most com- 
mon there. Examples are Lecane papuana (Kdmond- 
son & Hutchinson 1934), Brachionus falcatus and B. 
(Ahlstrom 1940). On the other hand, 
cochlearis much ¢om- 


mirabilis 
Keratella 
mon in lowland tropies than in temperate regions. In 
some regions, there seems to be a north-south dis- 


less 


appears to be 


tribution pattern of species as, for example, European 
Russia (Dechsbach 1926, summarizing some partially 
published work by Voronkow). 

Obviously, since chemical factors are of impor- 
tance to some species, it may be expected that to some 
extent, species distribution will show similarities to 
regional geological differences which affeet water 
chemistry. This ean be seen by examining lists 
given by Harring & Myers (1922, ete.), Myers (1931, 
1936, 1937 and others) and Ahlstrom (1933). In 
reading the Harring and Myers list for Wisconsin, it 
should be remembered that habitats from the south- 
ern part of the state are included with soft waters 
of the highland region. many 
more species are found in acid water, it may be 


northeastern Sinee 


expected that the greater the percentage of hard 
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waters in a region, the fewer the species that will 
be found in collections from that region; however, 
certain species will be found much more frequently, 
for a considerable number are limited to hard waters. 


ENVIRONMENTAL LIMITATIONS 

The loeal fauna of any habitat is apt to depend 
most on the chemical nature of the water and, for 
sessile species, to some extent on the flora which also 
depend somewhat on the same factor. The present 
work shows that many sessile species are most likely 
affected by the bicarbonate content, although some 
react to hydrogen ion also. Harring & Myers (1922) 
believed that hydrogen ion was the principal factor 
affecting free-swimming species, deciding that hard- 
ness, calcium and magnesium were ineffective. 

From data available here, chemical limitation of 
most sessile species seems to be largely a matter of 
exclusion from high coneentrations of ions other 
than the hydrogen ion. Species which tolerate high 
bicarbonate and caleium concentrations are usually 
found at low coneentrations also, while a great many 
species are not found at high concentrations at all. 
The most notable exceptions are Lacinularia floscu 
losa, Sinantherina socialis and, to a certain extent, 
Ptugura brevis, Stephanoceros fimbriatus and Cupe- 
lopagis vorax, all of which are rare in soft waters. 

The presence of certain substrate plants is a defi- 
nite requirement for a few highly selective species, 
notably Ptygura melicerta, Collotheea algicola and 
Collotheca gracilipes. Other species tend to oeeur 
more often on certain substrates, although they are 
not completely limited to one or two kinds. These 
substrate effects are sometimes facilitated by the 
flora-chemistry correlations, sometimes opposed. The 
exact features of plant surfaces which make them 
good or bad substrates are not known, but probably 
macroscopie configuration of leaves, minute config- 
uration of the surface, and the physieal and chemical 
condition of the surface all contribute. In general 
plants with finely divided leaves, as Utricularia and 
Myriophyllum have larger faunae than those with 
flat or infrequently branched leaves, as lily pads and 
Chara. This may have something to do with the 
surface-volume of ratio and resultant inereased pro- 
ductiveness, but ean hardly account for the great 
number of species found on Utrieularia as contrasted 
to such plants as Ceratophyllum, Megalodonta, ete. 
Certainly, the greater the area of plants in a loeality, 
the larger the rotifer fauna which can develop there. 
The largest populations of sessile Rotatoria have 
been found in locations with a quantitatively large 
flora in relation to volume of water, often in shallow 
pools carpeted with Sphagnum or masses of Utrieu- 
laria. The increase of surface area during the grow- 
ing season must have a tremendous effect on the 
fauna, both quantitatively and qualitatively. 

The various responses to environmental factors 
result in many species being brought together in 
lakes more frequently than would happen if their 
occurrence were quite independent. Both chemistry 
and substrate preference bring species together in 


EcoLoGgicaAL StTuDIEs OF SEesstLe Rorarorta 63 


the same sample, as may be seen by examining the 
frequency of association between species which show 
either a substrate preference or a chemical limitation. 
A number of groups of associated species listed on 
page 38 have certain limitations in common, as for 
instance, a preference for epiphytes in the list headed 
by Collotheca campanulata. Likewise, of the five 
species which show the greatest preference for epi- 
phytes (Table 10), each is associated significantly 
with at least one other, and Collotheca campanulata 
is associated with four. Some of the species which 
prefer flat surfaces are associated. A strange thing 
is that the Utricularia fauna has relatively so few 
associations, although a number of the species are 
strongly associated with others that have more in- 
difference to substrate. This is likely a result of the 
abundance and variety of the Utricularia fauna itself. 
In most collections, when Utricularia was present, 
almost all rotifer species in the sample were attached 
to it, while only some of the species were attached 
to other substrates. Thus the Utricularia fauna is 
apt to represent, with few exceptions, the entire 
fauna of a locality, while the fauna of other plants 
is actually a seleeted one. The great number of 
associations observed indicate that localities with a 
fauna of relatively many species are more common 
than loealities with very few species; more common 
than if distribution were independent. 

Of the 32 species which are limited by chemistry 
or markedly associated with certain substrates, 15 
are correlated with both, 15 with substrate alone, 
and only 2 with chemistry alone. Of these 32 species, 
27 show association with at least one other species. 
This suggests that substrate is a more powerful fae- 
tor in bringing species together than the chemistry 
of water, although it is very difficult to evaluate this 
in proper terms since correlations between flora and 
chemistry obseure the picture. <A part of the effect 
may be a result of the sampling process, since it was 
impossible to examine the entire flora of any locality, 
but there ean be little doubt of its general validity. 
Competition apparently plays no significant part in 
affecting species distribution. There is only one case 
of apparent exclusion, between Ptygura_ melicerta 
and Floscularia pedunculata, and it is probably 
accidental. Other, less definite examples, can be 
explained on the basis of chemical or substrate 
limitation. 

Loca DistrinuTion IN LAKES 

Onee a species is established in a lake, its local 
distribution depends mainly on that of suitable sub- 
strate and localization of chemical or physical factors 
to which the rotifer is sensitive. Collotheca graci- 
lipes is the best example of a rotifer whose distribu- 
tions is dependent on a substrate. Chemical variation 
at any point in the littoral is usually smaller than 
the tolerance ranges of most species, and it is doubt- 
ful if loeal changes in pH or bicarbonate have a 
marked effect on the fauna. 

We have now considered the larger aspects of 
distribution, and the distribution in individual loeal- 
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ities. This leads to an investigation of the distribu- 7. Experimental analysis of the attachment of 


tion of species on particular substrates and the 
dynamical relationships of members of populations 
with each other and with the substrate. Part IT of the 
present series will be devoted to such an investigation. 


SUMMARY 


1. Many pairs of species of sessile Rotatoria are 
associated together more frequently than is expected 
on the hypothesis of random, independent distribu- 
tion. A few cases of possible mutual exclusion, or 
replacement are noted. The much greater number 
of examples of association than of exclusion suggests 
that while external factors favorable or unfavorable 
to species are of major importance, competition does 
not appreciably affect the composition of the fauna. 

2. Many species show sensitivity to the chemical 
nature of the habitat, and oceur more frequently in 
lakes on one side of the median of concentration of 
certain dissolved materials than on the other side. A 
discussion of the possible effective factors, out of all 
correlated variables, leads to the conclusion that some 
species are very likely excluded from lakes by high 
bicarbonate concentration, but not necessarily high 
pH. Examples are Ptygura melicerta and Collotheca 
algicola which seem to tolerate high pH but not 
bicarbonate. Beauchampia crucigera and perhaps 
Ptygura barbata are peculiar in that they tolerate 
neither high nor low pH nor high bicarbonate, and 
are thus limited to a narrow range of both. 

3. The quantitative importance of surface as such 
in aquatic habitats is demonstrated by showing that 
larger populations of rotifers are supported by habi- 
tats which have more surface area in unit volume. 

4. Many substrate plants show sensitivity to the 
same chemical factors which affect rotifers. This is 
very evident in the Wisconsin collections, less so in 
those from New England. 

5. Different plants bear different sets of sessile 
rotifer species. Utricularia vulgaris americana has 
by far the most extensive and varied fauna. In 
general, plants with finely divided leaves have more 
rotifer species than those with broad leaves. 

6. Some sessile species occur more frequently on 
certain plants than the commonness of the plants 
alone would warrant. Collotheca gracilipes is almost 
limited to Utricularia vulgaris americana. Ptygura 
melicerta and Collotheca algicola oceur almost ex- 
clusively in colonies of the alga Gloeotrichia, or in- 
frequently, Coleochaete. Several species tend to at- 
tach often to epiphytic green algae; for example, 
Collotheca campanulata and Floscularia janus. Cupe- 
lopagis vorax tends to attach most often to broad, 
flat leaves. Ptygura brevis, in the present series of 
collections, was found almost invariably in forks of 
finely divided leaves, usually Ceratophyllum. Pty- 
gura velata also showed strong reaction to shape of 
substrate in that it favored to concave, curled tips 
of Sphagnum erythrocalyx. Ptygura beauchampi 
occurred on many substrates, but in any given loeal- 
ity was apt to be highly limited. 


Collotheca gracilipes shows that under the experi- 
mental conditions, it can attach to a number of plants 
on which it has not been found in nature, but at- 
taches most frequently by far to Utricularia vulgaris 
americana. The observed preponderance of C. graci- 
lipes on the young leaves of the plant is shown to be 
a result of qualitative differences between leaves of 
different age which seem to be due to the presence 
in older leaves of a substance which the larvae avoid. 
The substance apparently is removed by a weak solu- 
tion of ammonium oxalate and therefore may be a 
pectin. Floscularia conifera commonly attaches to 
many substrates. In the experiments it also attaches 
to many, but most often to Utricularia. There is 
good agreement between field observations and ex- 
periment. No reason for the great variety of the 
Utricularia fauna is evident. 

8. The presumed effect of plant succession on the 
rotifer fauna is discussed. Available evidence sug- 
gests that with progressive development of a lake 
and its flora, the fauna becomes larger in number 
of species. The presence of Utricularia vulgaris 
americana in any lake has a greater effect on the 
potential fauna than any other plant. The rootless 
independence of Utricularia permits it to oceur in 
many types of localities, but by the same token it is 
limited to quiet habitats; hence, ponds, bogs, shallow 
bays of lakes. 

9. Species of Floseulariidae are about as common 
in the littoral of large lakes as in small lakes and 
ponds, while species of Collothecidae are markedly 
more abundant in small, protected bodies of water. 
It is suggested that this difference is correlated with 
a difference in the feeding mechanisms developed in 
the two families. 

10. The rotifer fauna of different regions is shown 
to be different in the relative commonness of species. 
This is largely, but not entirely, correlated with 
chemical differences. Local differences in distribution 
are largely substrate effects, while direct or indirect 
effects of chemical differences produce the major 
regional differences in distribution, but the effect is 
obscured by random irregularities in original distri- 
bution. 
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MEASUREMENT OF BIRD POPULATIONS 


INTRODUCTION 


The measurement of the size of animal populations 
is a popular and important field in ecology and in 
wildlife management. There been considerable 
advance in recent years in methods for the measure- 
ment of populations of game animals and to a vary- 
ing extent in the measurement of populations of other 
species, including invertebrates, within a community. 
This particular study deals only with birds and will 
attempt to summarize and evaluate various methods 
that have been or are now being employed. The 
analysis of the avifauna of any region is progressing 
out of the qualitative phase into a quantitative one, 
and it would seem that a study ot methods to be 
employed is timely. 


has 


Although the compilation of data on size of bird 
populations in various areas or under different con- 
ditions is here of secondary importance to the anal- 
ysis of methods, considerable data resulting from the 
writer’s own studies will be used to illustrate some 
of the various techniques and to show their possi- 
bilities and limitations. 

We wish at this point to acknowledge our indebt- 
edness to the late Dr. S. Prentiss Baldwin, who gave 
the writer the opportunity for initiating these studies 
while employed at the Baldwin Bird Research Lab- 
oratory at Gates Mills, Ohio. We wish to recognize 
the aid and numerous records of birds observed in 
the field furnished by members of the Cleveland Bird 
Club, especially Dr. J. W. Aldrich, Mr. B. P. Bole, 
Jr., Mr. B. T. Barnes, Mr. D. C. Kellogg, Miss Mar- 
garet E. Morse, Mr. Ralph O’Reilly, Mr. M. B. 
Skaggs, and Dr. A. B. Williams. We are grateful to 
Dr. Lawrence E. Hicks for application of one method 
of analysis to his records of birds observed in the 
Zanesville, Ohio, region, so that comparisons could 
be made with the Cleveland region. We acknowledge 
likewise the comments of Dr. Paul L. Errington, who 
read the first draft of the manuscript. 


HISTORICAL DEVELOPMENT 


Previous to the very end of the nineteenth century, 
quantitative studies were largely limited to indicating 
whether a species was abundant, common, or rare, 
and this was based largely on general impressions 
and the frequeney with which the particular ob- 
server happened to contact the species in the field. 
The descriptions of new species and races and the 
working out of their geographic ranges monopolized 
the attention of ornithologists and was a necessary 
preliminary to all other field studies. This approach 
is still being carried on vigorously in various less 
well-known portions of the world, but the essential 
background is now well established in many regions. 

This country saw some of the earliest beginnings 
in the quantitative study of bird populations and still 


retains much of the leadership in this field. W. L. 
Dawson (1897) and Lynds Jones (1898, 1901) dis- 
tinguished between “daily horizons” wherein the num- 
bers of all species seen during a day’s outing were 
recorded, and the “bird census” or the counting of 
the exact number of individuals on small areas of 
known size, and through the Wilson Ornithological 
Club promoted these methods of study. In 1902, 
Jones urged the taking of a New Year's day horizon, 
in 1903 he proposed a May day horizon, and in 
1904 a July Fourth horizon to be taken simultane- 
ously by as many observers as possible over the 
country. Such comparative daily lists were pub- 
lished in the Wilson Bulletin until about 1918, when 
interest in them lapsed. 

A similar project was begun by the National Asso- 
ciation of Audubon Societies, now the National 
Audubon Society, in 1900 with the initiation of 
the Christmas Bird “Census.” This project proved 
to be a popular and ever expanding one and is now 
as vigorous or more vigorous than ever. It, in 
essence, is a “daily horizon” taken by many persons 
over much of North America and adjacent islands 
during the five days around Christmas. Of similar 
nature is the statewide “census” during early May 
recently organized by the Iowa Ornithologists’ Union 
(Grant 1943). 

The early work of Forbush in Massachusetts, be- 
gun about 1905, undoubtedly exerted an important 
effect in calling attention to the need and economic 
value of measuring fluctuations in the abundance of 
birds from year to year. His estimates as to the 
relative abundance of birds were based on responses 
to questionnaires and on reports of numerous ob- 
servers over the state. This work terminated soon 
after his death in 1929. The “Season Reports” in 
the Audubon Magazine follow the same general pol- 
icy (Griscom 1942) on a country-wide seale. 

One of the earliest true censuses of which there is 
record in this country is a count of 51 pairs of breed- 
ing birds on 8 aeres made by Alexander Wilson and 
reported in his American Ornithology in 1811 (Burns 
1907). Census work did not begin in earnest, how- 
ever, until the end of the century. In 1898, Jones 
marked the location of each bird on a map and de- 
termined the number of wintering birds present 
within a three-quarters mile radius of the center of 
the city of Oberlin, Ohio. Burns in 1901 reported a 
breeding bird census of a square mile involving vari- 
ous habitats for the vears 1899, 1900, and 1901, and 
he repeated this census in 1914 for sake of com- 
parisons. 

No account of the development of bird censuses 
can omit the reports of Stephen A. Forbes and Al- 
fred Gross from 1907 to 1923. They developed the 
strip census method of counting the number of birds 
in an area of limited width and known length as the 
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observers traversed through the country. They at- 
tempted the measurement of the abundance of birds 
in various sections of Illinois and obtained figures on 
number of birds per square mile in habitats of vari- 
ous sorts. 

Beginning in 1914, W. W. Cooke (1915) of the 
U. S. Bureau of Biological Survey (later changed 
to Fish and Wildlife Service of the United States 
Department of Interior) urged collaborators over the 
country to take censuses of breeding birds to give a 
basis for estimating their economie importance, their 
influence in the control of weeds, harmful inseets, and 
other undesirable elements in the native fauna, and 
for determining the adequacy of laws for their pro- 
tection. These involved the counting of 
singing males over small areas of known size. The 
taking of these censuses is still being encouraged, 
although the project has not been pushed very vigor- 
ously in recent years. 

The Bureau of Biological Survey began the de- 
velopment of another project in 1920, stimulated by 
the earlier work of Baldwin (1919), that has had an 
important influence in measuring and analyzing bird 
populations, and that is bird-banding. Here the 1n- 
dividuals composing the population are identified by 
numbered bands around their legs so that inter-rela- 
tions, mortality, and rate of replacement may be 
followed in detail. The study of individual relations 
within the population was later improved by devel- 
oping methods of color-banding, fastening on of col- 
ored feathers, ete., so that the individual could be 
recognized in the field on sight. This has resulted 
in many detailed studies of population dynamics in 
individual species (Nice 1941a). 

The determination of actual numbers of birds per 
unit-area is difficult and the degree of accuracy ob- 
tained has not seemed worthwhile for some purposes. 
There have been various “short-cuts” attempted for 
statistically estimating the abundance of birds in at 
least a relative manner that have value for compar- 
ing different regions or periods of time. Linsdale’s 
(1924) “relative frequeney of occurrence” belongs to 
this category, wherein he gives the various species a 
ranking determined by the percent of days during 
an investigation on which each was recorded. “Daily 
horizons” cannot of course give more than an idea of 
the relative abundance of the species as likewise ean 
the use of such terms as “common” or “rare.” In 
recent years there have been other methods advanced 
for getting relative abundance, particularly of game 
birds. 

A great impetus was given the measurement of 
bird populations by the development during the last 
dozen years of the field of wildlife management. 
This was stimulated by the work of Lincoln (1930), 
Leopold (1931), Errington (1933), and many others 
for exact measurement, manipulation, and increase of 
populations of game animals. Contributing influ- 
ences were doubtlessly the considerable interest and 
encouragement offered by the federal administration 
for conservation of all natural resources and the 
years of drought and hardship that made careful con- 
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trol of game populations necessary to insure their 
survival and return to a sufficient size to permit nor- 
mal utilization again for sport. Methods for deter- 
mination of both absolute and relative numbers of 
birds were developed, and the field has broadened to 
include non-game as well as game species. 

The yearly breeding bird censuses first organized 
in 1937 by the National Audubon Society (Hickey, 
J. J. 1937, Hickey, M. B. 1942) is proving a stim- 
ulus for an increasing amount of work in the meas- 
urement of total populations, especially of song birds, 
in various types of communities over the country. 
At first this projeet relied largely on contributions 
from workers around Cleveland, Ohio, who had in- 
itiated a series of such population studies beginning 
in 1932 (Williams 1936). 

No attempt will be made to trace the early devel- 
opment of this field of study in other countries al- 
though certain parallelisms occur. In the British 
Commonwealth bird-censusing received a marked im- 
petus from the work of Nicholson (1928) who re- 
ported on a complete census of heronries in England. 
A characteristic of the work in Britain has been this 
type of census, counting all individuals of single 
conspicuous species over large areas or throughout 
the island. The British Trust for Ornithology, cen- 
tered at Oxford University, has sponsored most of 
these projects. 

The work has not been confined to the British 
Isles. In Australia, Cleland (1918, 1922) early 
recognized the desirability of determining actual pop- 
ulations and developed a method of counting birds 
on strips of known width from which he ealeulated 
total number of birds over large districts. In 1937, 
Chitty & Elton began an ambitious program of fol- 
lowing yearly fluctuations in certain species of birds 
and mammals in Canada. Winterbottom (1936, 1938, 
1940, 1942) has analyzed bird populations in north- 
ern Rhodesia, and Moreau & Moreau (1931) have 
worked with populations in Tanganyika. 

The measurement of bird population has been a 
subject of active investigation in Finland. Sund- 
strom (1927) and especially Palmgren (1929-1941) 
and his students and associates have contributed sev- 
eral valuable studies. The usual method employed 
has been to count all birds on measured strips or 
areas and with this as a basis to compute the total 
number of birds in an entire region or province. 

In Germany, Sehiermann (1930, 1934) made two 
contributions of merit in determining the bird pop- 
ulation over large areas of forests by means of a 
sampling technique combined with cruising. Zim- 
merman (1932) made an area census of a marshy 
habitat. Schiiz (1933) surveyed the population of 
white storks in East Prussia. Hornberger (1939) 
gives yearly counts of storks from 1931 to 1939. 

In Russia, Kashkarov began in 1927 to urge the 
quantitative measurement and analysis of populations 
and some few studies have been carried out. This 
literature is not readily available in this country nor 
to those unacquainted with the Russian language. 
Chappellier (1933, 1934) mapped nesting colonies of 
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the jackdaw in France, but population studies in this 
country have not been extensive. Aside from the 
countries mentioned, the study of bird populations 
in a quantitative manner has greatly lagged, and 
there are few important contributions. 


TWO MAIN POINTS-OF-VIEW 


There are two points-of-view or two approaches 
useful in the determination and analysis of bird 
abundance. One is simply to get an index for each 
species to permit comparison of relative abundance 
of different species or of the same species at differ- 
ent times. It is time-saving as usually it is not nee- 
essary to loeate all the birds as long as the same per- 
cent of them is recorded each time. The other is to 
determine the actual number of birds of each species 
in an area of known size. . This latter approach 
also permits comparing the abundance of different 
species or of the same species at different times. In 
addition it makes possible a comparison of bird pop- 
ulations with populations of other kinds of animals, 
such as insects used for food, the numbers of which 
must be measured by methods not applicable to birds, 
and makes possible a better evaluation of the eco- 
logical and economie importance of species in a com- 
munity. There are advantages and disadvantages in 
each approach. The selection of methods to be em- 
ployed will depend largely upon the intended use of 
the information and the time and opportunities 
available. 

The determination of relative abundance permits a 
much larger area to be covered. Ordinarily all that 
is shown is the frequeney with which the various 
species have been noted by the observer. Often this 
is all that is desired, but there is no guarantee that 
this frequency represents the actual numerical rela- 
tion of the species in the region. Corrections are not 
ordinarily made for the difference in the conspicuous 
ness of various species or of the same species at 
different times; for the difference in behavior between 
species, as in flocking, extent of home range, ete.; 
for the amount of time the observer spends in dif- 
ferent habitats; nor in the human equation factor, as 
judgment is required to assign a rank of abundance 
to each species. To the extent that these corrections 
are made, the more reliable the data become, but if 
all the corrections are made as much time and energy 
will be involved as in the determination of absolute 
abundanee in the first place. 

To obtain absolute abundance or the actual bird 
population, other difficulties are involved. The size 
of the area censused must be measured and this area 
must be sufficiently large adequately to sample birds 
with large home ranges yet not so large that birds 
with small ranges cannot be counted with accuracy. 
There is difficulty in finding all the birds in an area, 
especially when they are not singing. Special meth- 
ods need often to be employed with different species, 
and usually repeated trips over the area at intervals 
of several days are required. During the non-breeding 
Season, birds may shift in and out of the area from 
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day to day. A single observer can usually census 
only a limited area during any one season. However, 
the results when obtained are more exact and are 
useable in a greater variety of ways, so there is a 
distinet trend in modern ornithological investigation 
in this direction. Methods used in both points-of- 
view will be analyzed in the following pages. 


MEASUREMENT OF RELATIVE ABUNDANCE 
LITERATURE 


Fisher (1939) is correct when he explains that 
species are recorded as “rare” when their actual 
numbers, usually ones or twos, find their way into 
the watcher’s note-book, “common” when he begins 
to lose count, and “abundant” when he is bewildered. 
The observer usually has difficulty in using what data 
he does accumulate. For instance, if 50 song spar- 
rows were observed during a winter’s day in northern 
Ohio, one would doubtlessly be impressed with their 
abundance because they occur singly or in small 
groups and are usually nowhere near that numerous 
at this season. However if 50 tree sparrows were 
observed in a single flock during the day one would 
probably consider them uncommon. Although a flock 
of birds makes more impression on the observer than 
a single bird, yet each involves an individual incident 
of discovery and identification so that several flocks 
may be required to produce the same impression of 
abundance as a much smaller number of  seattered 
birds. Since impressions count so much, two com- 
petent observers may react differently and give the 
same species a quite different ranking, hence the 
unsatisfactory nature of these appellations. 

In order to avoid the possible bias and limited 
experience of a single or of a few individual ob- 
servers and to cancel out local conditions by covering 
a large area, questionnaires for compiling the im- 
pression of many observers have been used. For- 
bush (1905) used a questionnaire of this sort to de- 
termine whether or not birds had decreased in New 
England compared with 10, 20, 30, 40 and more 
years earlier and the approximate extent of this de- 
crease. In his reports as State Ornithologist of 
Massachusetts he drew upon the experiences of many 
observers over his area. The same method is now 
employed in the bimonthly “Season Reports” in the 
Audubon Magazine covering various sections of the 
country. Chitty (1937-1942) employs a questionnaire 
in his Canadian Aretie wildlife inquiry asking his 
collaborators to give their impression whether a spe- 
cies compared with the year before has increased, 
decreased, or remained the same. The Fish and 
Wildlife Service (1941) of the United States Depart- 
ment of Interior uses a similar questionnaire for 
reports on waterfowl abundance. 

Linsdale (1924-1937) has made extensive use of 
frequency indices to show relative abundance. These 
frequency indices are computed by dividing the num- 
ber of days a species is observed by the total number 
of days observation. The species are then listed in 
the order of these percentage figures. Likewise, 








yearly changes in the frequency index are taken as 
an indication of change in abundance of a bird. In 
the use of this method he has been followed by 
Shaver & Crook (1934), Maynard (1936), Winter- 
bottom (1936, 1940, 1942), Serventy (1938), Rodgers 
& Sibley (1940) and White (1942). Dice (1930) 
endorses the use of frequency indices but proposes 
that instead of days the percentages be based on the 
pereentage of hours or even half-hours of observa- 
tion in which the species was observed. He himself 
points out, among other things, that the most im- 
portant shortcoming of this method is that birds vary 
in their activity, singing, and conspicuousness at 
various hours of the day. 

There has been some attempt to give the terms— 
rare, common, abundant—statistieal significance. Mey- 
lans (1934) designated, as rare, species having less 
than one pair per square kilometer, uncommon those 
with about one pair, rather common—2 to 5 pairs, 
common—6 to 20 pairs, and abundant—more than 
20 pairs. Hicks (1937) used ten terms to indicate 
different degrees of abundance, each based on quanti- 
tative data assembled and computed as frequency 
indices ranging from 0 to 9. Serventy (1938) de- 
fines as very abundant those species recorded on 81 
to 100 percent of all trips in an area; abundant those 
recorded on 61 to 80 percent; frequent, 41 to 60; 
oceasional, 21 to 40; searee, 1 to 20; very rare, be- 
low 1. For seasonal species he also worked out 
pereentages of occurrence for the particular periods 
when they were resident. A breakdown of the per- 
centages into these groups has the advantage of 
agreeing with units used by plant sociologists (Braun- 
Blanquet 1932). Lack & Venables (1939) used a 
complicated method of first indicating each species 
as 1, 2, or 3 depending on whether 1, 2-9, or over 9 
individuals were seen on a particular trip. The 
scores of each species in all areas were then averaged, 
the various species ranked in order of their scores, 
and then each given a new index figure on a pereent- 
age basis, considering the most numerous species as 
100. White (1942) has designated as abundant those 
species recorded on 90 to 100 percent of all trips dur- 
ing the breeding season over the same area; common, 
those recorded on 65 to 89 percent of the trips; 
moderately common, 31 to 64 pereent; uncommon, 
10 to 30 pereent; and rare, 1 to 9 percent. Although 
she states that the number of individual birds of one 
species seen over a period of time parallel the fre- 
quency of occurrence of that species, this certainly 
is not true with colonial nesting species as her own 
data show. The bank swallow, which on the basis 
of percentage is designated as moderately common, 
had a larger number of individual birds recorded 
during the season than one-half of those species 
designated as abundant. Recently Stewart (1943) 
designates six ranks of abundance based on the per- 
centage which the individuals of each species consti- 
tute in the total number recorded for all species. 

Another approach for indicating relative abun- 
dance of different species is the summing of the 
total number of individuals of each species seen dur- 
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ing a period of years regardless of the number of 
trips taken, as the number of trips taken would be 
the same for all species provided their migratory 
status were the same. In this manner, Baldwin, 
Kendeigh & Franks (1932) determined the relative 
abundance of hawks and owls in the state of Ohio, 
drawing upon the lifetime accumulation of trip ree- 
ords of many observers. Eaton (1934, 1936), Seeley 
(1937), and Chapman (1937) have used the same 
method. 

Speirs (1939) has demonstrated eyelic variations 
in abundance of some less common but conspicuous 
species in the Toronto region (Ontario) by simply 
summing the total number of individuals of each 
species seen each year without correcting for varia- 
tions in the number of observers. It is possible to 
use in the same way the number of birds killed each 
vear, instead of seen, to follow variations in the 
abundance of game species (Stoner 1934, Middleton 
1934). Leopold (1930) showed a decline of snipe 
in southern Wisconsin, using as his eriteria the num- 
ber killed per trip or the number seen per trip, with 
some correction of the figures when the trips were 
very short. 

Perkins (1914) and Ganier (1938) have used the 
Christmas Bird Counts, published in the Audubon 
Magazine, to show variations in abundance of winter 
birds, simply by dividing the number of birds seen 
of each species by the total number of reports. 
Nichols (1937) varied this procedure, for determin- 
ing the relative abundance of water-fowl on Long 
Island, by dividing the total number of birds of each 
species by the number only of reports listing those 
species, arguing that if the species were not listed 
the chances were that the observer did not visit suit- 
able habitats for the species and therefore those lists 
should not be included. Williams (1918) studied the 
abundance of the black and turkey vultures by mak- 
ing use of the largest number seen each day. 

Bird-trapping data at banding stations have been 
used to show waves of migration and changes from 
vear to year (DeLury 1934, Braun & Keplinger 
1938, Mason 1942). Here the data are similar to 
those mentioned, except that number trapped per 
day or season is substituted for number seen.  Pos- 
sible errors lie in the varying effect of weather on 
trapping, in the lack of uniformity of bait and trap- 
ping conditions, and in differences between species, 
ages, sexes, and individuals in being attracted to the 
traps. 

Some workers believe that the day is too long a 
unit of time to use and is variable in actual number 
of hours devoted to observation, likewise the use of 
the trip as a time unit is questionable as it also 
varies in length. Grinnell & Storer (1924) list the 
number of birds seen each hour. They find these 
numbers are apt to be largest in early morning and 
next largest in late afternoon. Urner (1930), be- 
sides using average number and highest number of 
individuals of each species per trip at various times 
of the year, compares the abundance of breeding 
birds by the number seen per hour. Wynne-Edwards 




















January, 1944 


(1935) compared the abundance of marine birds over 
five degree zones of longitude across the Atlantic 
Ocean by use of the mean number seen per hour. 
For analyzing cycles in the abundance of bob-white, 
Wing (1937) computed data on the number of hours 
of observation per bird recorded. Wing & Jenks 
(1939) mapped the abundance of the downy wood- 
pecker over North America at Christmas time on the 
basis of number of birds seen per hour in various 
localities. 

Colquhoun (1940) has given careful consideration 
to various factors involved in getting an accurate 
estimate of bird abundance. When comparing the 
total number of adult birds of all species in differ- 
ent areas he walks over a random course at a slow 
pace and ealeulates the number observed per hour. 
However for comparing a single species in different 
areas he finds a 10-hour basis to be better. When 
the speed of walking was reduced from 2.3 to 1 
mile per hour the number of adult birds observed 
per hour was reduced proportionately from 1.7 to 1 
and the number of species from 1.4 to 1. 

Lay (1938) demonstrated a greater abundance of 
birds on the margin as compared with the interior 
of forested areas by obtaining counts of birds in 
time-units of only 30 minutes. All counts were made 
before 10 A.M. over a winding path. 

Although the methods used for determining rela- 
tive abundance of different species or of the same 
species at different times by the various workers 
above mentioned have varied much in detail, in gen- 
eral they follow one or the other of two approaches, 
viz., frequeney of oceurrence and number per unit 
of time. In “frequeney of occurrence” there is the 
assumption that the more abundant species will be 
more widely dispersed and therefore will be met 
with more frequently than less abundant species 
which would be less widely distributed. Although 
this assumption falls down in ease of colonial or 
flocking species and is not accurate for species that 
vary in conspicuousness and ease of observation; 
nevertheless frequency of occurrence does seem to 
be some approximate measure of uniformity of dis- 
persal for many species. On the other hand, “num- 
ber of birds per unit of time” gives information on 
the numerical level of the species in the region, except 
again for differences in conspicuousness between spe- 
cies, but it furnishes no information as to their dis- 
persal except for the questionable assumption that 
the more abundant species will be more general in 
their occurrence. Therefore these two approaches 
measure two different aspects of abundance as it 
impresses the observer. Possibly with these thoughts 
in mind, Hicks & Chapman, in 1933, analyzed 32 
years’ records of Christmas Bird Counts for Ohio 
and ranked the species in order of abundance giving 
equal weight to total number of individuals seen and 
percentage of all reports listing the species. This 
was followed by a study of abundance of birds in 
Muskingam County, using the same method of analy- 
sis (Hicks & Dambach 1936). Pierce (1940) made 


a somewhat similar analysis for northeastern Iowa. 
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Still another approach to analysis of relative abun- 
dance is on the basis of miles covered. Nice (1921- 
1941), Leopold (1942), and Allan & Sime (1943) 
have made several reports on number of birds seen 
from an automobile traveling along country roads. 
Such counts are especially valuable for the larger 
and more conspicuous species, such as hawks, and 
give a substantial basis for comparing abundance of 
different species or the same species for different 
regions if such factors are taken into aeeount as 
speed of travel, character of roadside, weather, time 
of year, time of day, ete. Nichols (1939) obtained 
data on the compartive abundance of starlings dur- 
ing two different winters from counts of birds ob- 
served from the window of a train. Marples (1935) 
in England also used observations from a train to 
determine frequency of birds in agricultural fields of 
different sorts. Dambach (1941) compared the den- 
sity of breeding birds in borders of open fields con- 
taining various amounts of cover on the basis of 
number of pairs per mile. 


ANALYSIS OF NeW Data ror NoRTHERN OHIO 

An opportunity was afforded the writer when he 
edited the Bird Calendar, issued quarterly by the 
Cleveland (Ohio) Bird Club, to analyze the many 
submitted lists of birds in a quantitative manner and 
to work out methods of improving the taking of such 
lists. These lists were made by a large number of 
both amateur and professional bird students, going 
at random into all kinds of habitats, spending vari- 
ous lengths of time in each area, and going from 
one locality to another by automobile or other con- 
veyanee. All species were recorded whether seen a 
few feet away or flying over a distant field so that 
censuses were not ordinarily taken over any constant 
area. The number of persons going together in a 
group varied greatly, and the object was chiefly to 
see and enjoy as large a number of birds as possible 
without much thought of exact measurement of pop- 
ulations. If a way could be found to analyze such 
lists in a reliable statistical manner, this would en- 
courage similar studies of what must now be tens of 
thousands of such trip lists in the files of ornithol- 
ogists all over the country. Trip records were avail- 
able for the Cleveland region beginning in 1933. The 
Cleveland region was considered as including the area 
along the south shore of Lake Erie in northern Ohio 
from Port Clinton, Sandusky, and Norwalk on the 
west to Chardon and Painesville on the east and ex- 
tending about 20 miles inland to the south. 

Index of abundance. The records were first grouped 
by months, and the average number of birds of each 
species seen per trip in each month was computed. 
Since the trips varied in duration and the birds 
varied in uniformity of distribution, another eom- 
putation was made giving the percentage of all trips 
during the month on which the species was observed. 
These two figures were multiplied together to give a 
single figure, but since this figure is a product its 
square root was extracted to give an index of abun- 


dance suitable for comparison. These indices were 
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calculated for only the more common species of 
permanent residents, winter visitors, and summer 
residents, and not for transients. 

A sample of the manner in which these indices 
worked out during two winters is given in Table 1. 
Five species appear to have markedly decreased in 
abundance from one winter to the next, three species 
to have increased, and one species to have remained 
nearly the same. There may be a question whether 
these apparent differences in abundance might not 
be due to a statistical effect. For instance during 
the winter of 1933-34, the indices are based on 63 
reports and in 1934-35 on 90. The trips may not 
have been of the same average duration during the 
two years nor may dense woods have been visited 
in the same proportional number of times. 


TABLE 1. Average index of abundance of birds dur- 
ing December, January, and February in denser woods. 





| 
1933-34 





Species 1934-35 
Black-capped Chickadee........) 23 | 11 
White-breasted Nuthatch. .....| 19 12 
Tufted Titmouse.............. 18 | 13 
0 OSE er 13 | 9.8 
Downy Woodpecker........... 12 10 
Nr a os ag coctcoss <9 | 5.3 | 6.6 
Hairy Woodpecker............ 5.8 | 5.7 
, | OR Ea eer ere | 3.5 | 5.8 
Pileated Woodpecker.......... 1.4 | 2.4 





To test further the adequacy of this method of 
analysis, a comparison was made of the abundance 
of several species of birds in the Zanesville, Ohio, 
region with their abundance in the Cleveland region 
during the summer of 1935. The records for the 
Zanesville region were obtained by Dr. Laurence E. 
Hicks and his co-workers. Species were grouped 
according to the habitats or communities in which 
they occurred and only a general summary is here 
presented (Table 2). In all instances the indices 
for the Zanesville region are considerably higher 
than they are for the Cleveland region. 








TABLE 2. Comparison of average indices of abun- 
dance of birds in different localities. 
Number of 
Community Species Cleveland | Zanesville 

Dense woods........ 30 7.4 20 
Open country........ 51 10.0 58 
RES ore 18 4.5 24 
Lakes and streams. . . 9 4.1 12 














There is no reason to believe that birds are over 
four times more abundant in Zanesville than in Cleve- 
land, as the figures indicate. Other factors must be 
involved. Cleveland observers had taken 46 trips 
during the period, Zanesville observers 37, so this 
was comparable. Cleveland observers spent only 4.6 
hours per trip while Zanesville observers devoted 9.2 
hours on an average or exactly twice as much. Nearly 


Ecological Monographs 

Vol. 14, No. 1 
twice as many birds should be observed on these 
longer trips, although the number of species recorded 
would not be doubled. Zanesville observers covered 
much more territory by automobile and so were able 
to sample a larger number of favorable localities. 
Also important may be the fact that Cleveland ob- 
servers spent the greatest amount of their time in 
the woods, while Zanesville observers spent most of 
their time in open country. Later analyses (p. 76) 
demonstrated that generally more birds are recorded 
in open country than in dense woods. For these 
various reasons the method of computing abundance 
was abandoned in 1935 for a new method of analysis 
that was used until the writer relinquished the editor- 
ship in 1938. 

Number per hour. Doubtlessly the most accurate 
factor that all observers give in respect to trips is 
the number of hours spent in the field. It was de- 
cided, therefore, to make this the unit of analysis. 
This accuracy was partly lost when these hours were 
subdivided, on the basis of information given by each 
observer for each trip, into the number of hours 
spent in different major habitats. However this sub- 
division was necessary as the object of this method 
of analysis was to present the number of birds of 
each species seen per hour in its proper habitat. It 
would not be fair, for instance, to compare the abun- 
dance of meadowlark and tufted titmouse on the 
basis of number seen per hour of total observation 
if all of the time were spent either in the field or 
in the woods. 

During the four years, 1935 to 1938 inclusive, the 
average amount of time spent per month by all ob- 
servers varied for the denser woods from 29 hours 
in November to 99 hours in May, for the open coun- 
try from 10 hours in January to 88 hours in May, 
and for aquatic habitats from 8 hours in August to 
48 hours in May. The average number of trips per 
month varied from 19 in January and August to 73 
in May, the number of hours per trip varied from 
2.5 in April to 4.3 in July. The average walking 
speed while looking for birds averaged 1.0 mile per 
hour for all months with extreme averages of 1.4 
miles per hour for December and 0.8 miles per hour 
for July. Of importance also is that the number of 
observers per trip varied from 1.6 to 2.1 with a 
general average of 1.8. There nucleus of 
about eight observers which continued throughout 
this period of years, while the total number of per- 
sons reporting records varied from 14 to 20 per year. 


was a 


For sake of clarity and brevity the monthly ree- 
ords have been averaged for periods of three months 
in order to depict average conditions each season 
and changes from one season to another. Table 3 
gives the order of abundance of the different species 
in the forest. Probably the figures for the winter 
season are most reliable. At that time leaves are off 
the trees and visibility is highest. Likewise the birds 
are less voeal so that difference in loudness of song 
is of lesser importance in having the species ealled 
to the attention of the observer. 
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TaBLE 3. Birds of the forest. Average number ob- 
served per hour. Average of years, 1935-1938, inclusive. 





| Dee.- | Mar.- | June- | Sept.- 


Species | Feb. | May | Aug. | Nov. 
Black-capped Chickadee ..| 2.5 | 1.2 | 0.4 1.9 
Tufted Titmouse......... | Sel | 1.4 | 0.5 1.3 
Oe ee rere i be | 26 | Bs 1.4 
White-breasted Nuthatch .| 1.6 | 0.8 | 0.6 1.2 
Downy Woodpecker...... | 1.2 | 0.8 0.3 | 1.0 
Hairy Woodpecker....... | OS | O03 | 0.3 0.3 
Red-breasted Nuthatch...| 0.5 | 0 0 1.2 
Golden-crowned Kinglet...| 0.2 | 1.4 0 3.8 
Ruffed Grouse........... | 0.1 0.03 0 0.06 
Pileated Woodpecker.....| 0.1 | 0.2 | 0.04 0.2 
Brown Creeper........... | 0.07| 0.3 | O 0.2 
Red-bellied Woodpecker...| 0.07 | 0.09 | O 0.07 
Barred Owl... 20.06 cess | 0.07 | 0.06 | 0.06} 0.04 





In most species there is a decrease in numbers 
seen from winter to summer and an increase again 
in autumn. Part of this decrease is due to migra- 
tion out of the region, but with permanent resi- 
dents it is also to be explained by reduced visibility 
with the leafing out of trees and with reduced sing- 
ing of the birds when nesting gets well under way. 
There are some exceptions. The cardinal is shown 
to be more numerous during the spring than during 
winter months. Probably this may be explained by 
their loud singing during the spring months so that 
more are counted. Golden-crowned kinglets and 
brown creepers show an inerease during the spring 
on account of large numbers of birds that wintered 
farther to the south passing through to their breed- 
ing grounds farther to the north. 

There are local differences in abundance of cer- 
tain species. The black-capped chickadee ranks at 
the top of the list in abundance on account of large 
populations of this species that occur east of Cleve- 
land. West of Cleveland the species is quite un- 
common, as Dr. Lynds Jones is able to testify. The 
red-breasted nuthatch, ruffed grouse, and pileated 
woodpecker are also more abundant or entirely re- 
stricted to the region east of Cleveland. 

When average numbers for the winter season are 
compared from year to year, interesting fluctuations 
become evident (Table 4). Several species show no 
consistent tendeney either to increase or to decrease. 
The black-capped chickadee, white-breasted nuthatch, 
ruffed grouse, and the red-bellied woodpecker show a 
steady increase in numbers during the four years. 
The red-breasted nuthatch exhibits a tendency for a 
marked influx from the north every other winter. 

Open country birds, so-ealled, include species 
usually found in open woods, shrubby fields, pas- 
tures, cultivated farmland, orchards, roadsides, parks, 
and villages. Some species included in this list, as 
the blue jay, crow, screech owl, and others, also 
oceur in forests, but they are listed here as the more 
frequent habitat in which they were observed. The 
Species in Tables 5 and 6 are also listed in the order 
of their abundance during the winter season. 
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TABLE 4. Yearly changes in abundance of forest 
birds. Average number of birds observed per hour dur- 
ing the winter season. 








Species 1934-35) 1935-36) 1936-37] 1937-38 
Black-capped Chickadee ..| 1.8 | 2.2 | 2.6 | 3.0 
Tufted Titmouse......... |} 2.6 | 1.8 | 1.9 2.4 
OS re | Ee} oe 1.6 1.6 
White-breasted Nuthatch . | 1.3 14 | TS 2.0 
Downy Woodpecker......| 1.5 | 1.0 | 0.7 1.4 
Hairy Woodpecker....... | 0.6 | 0.3 0.6 0.5 
Red-breasted Nuthatch...| 0 | 0.2 | 0.01} 2.0 
Golden-crowned Kinglet...| 0.2 6.2 | 8.3 0.2 
Ruffed Grouse. .......... 0.03 | 0.07 | 0.18 | 0.25 
Pileated Woodpecker... . . 0.2 | 0:04) 0.1 0.1 
Brown Creeper........... 0.06 | 0.08 | 0.04] 0.1 
Red-bellied Woodpecker... 0.01 | 0.02 | 0.03 | 0.2 
Barred Owl................ |} 0.09 | 0.08 | 0.03 | 0.1 











The starling, English sparrow, and tree sparrow 
are, according to these figures (Table 5), the most 
abundant winter birds, but during the spring the 
robin, starling, crow, and slate-colored junco pre- 
dominate on account of the influx of migration. The 
preeminence of the robin is maintained during the 
summer as many individuals of the other top-ranking 
species migrate farther north to breed. Perhaps the 
true rank of the English sparrow is not well estab- 
lished as a few observers could not be persuaded to 
report numbers of this species seen on their field 
trips. All species return in large numbers in au- 
tumn except the crow. The numbers of this species 
do not become large in the autumn and winter as 
nearly all the large concentrations lie farther south. 


TABLE 5. Open country birds. Average number of- 
served per hour during years 1935-1938 inclusive. 

















| 
Dec.- | Mar.- | June- | Sept.- 
Species | Feb. May Aug. | Nov. 
SS ea ee | 18.3 | 17.8 | 8.7 | 50.6 
English Sparrow..........| 17.8 hot 1.4 19.9 
‘Tree Sparrow. ..... 0.2.5. | 14.8 3.7 0 15.7 
Slate-colored Junco.......| 8.4 7.4 0 21.6 
Horned Lark....... | 5.5 | 0.8 | 0 0 
Oe | 3.8 1.8 1.8 2.6 
I 556 Soci recor | 2.8 1.4 0.4 1.5 
i, ES a eer nee | 2.3 17.6 1.4 y ef 
Song Sparrow........... | 2.1 8.4 3.5 3.7 
Cedar Waxwing.......... | 1:36 2.4 2.6 0 
oe ees eee 2.0 3.5 3.7 
Ring-necked Pheasant....| 0.7 | 0.4 | 0.3 | 0.7 
Mourning Dove..........| 0.3 4.3 | 2.0 Lt 
Sparrow Hawk........... 0.3 | 0.4 | 0.1 1.3 
A eee | ©.2 | 19.7 | 16.6 | 33.1 
Screech Owl............. 0.09 | 0.04) 0 0.07 
Red-headed Woodpecker..| 0.08 | 0.2 | 0.2 0.3 
Red-tailed Hawk......... | 0.07) 0.1 | 0 0.1 
Red-shouldered Hawk....., 0.03 | 0.2 | 0.1 0 





The rapid and consistent decline in numbers of 
starling and English sparrow during the winters of 
1934 to 1937 (Table 6) is astonishing and difficult 
to explain. Mean temperatures during the four- 
year period were lowest in 1935-36 and highest in 
1936-37. Other species either showed no marked 
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change in abundance or their fluetuations may have 
been due to variations in migration. 

TABLE 6. Yearly changes in abundance of open 
country birds. Average number of birds observed per 
hour during the winter season. 





Species 1934-35 1935-36 1936-37) 1937-38 
Starling. . 31.9 19.7 12.1 9.3 
English Sparrow. .. 30.0 19.0 1.3 
Tree Sparrow 15.6 | 23.3 7.9 12.9 
Slate-colored Junco 5.1 15.6 3.9 9.2 
Horned Lark 17.5 3.1 0.9 0.8 
Bob-white 2.2 4.2 4.5 3.6 
Blue Jay. ... 3.2 3.8 3.1 3.2 
Crow. ihe 1.2 1.3 0.9 2.8 
Song Sparrow.... 0.8 24 1.6 ‘1 
Cedar Waxwing 0 1.6 0.3 4.6 
Goldfinch... . 3.1 2.0 0.1 0.9 
Ring-necked Pheasant. 0.2 LJ 0.8 0.7 
Mourning Dove....... 0.4 0.7 0.2 0.0 
Sparrow Hawk.......... 0.3 0.3 0.2 0.4 
Rt ator ths Seren po 0 0.1 0.2 0.7 
Screech Owl... .. 0.07 0.2 0.04 0.07 
Red-headed Woodpecker..| 0.07 | 0.2 0.03 | 0.06 
Red-tailed Hawk ie eooh Oe 0.06 | 0.1 0.02 
Red-shouldered Hawk..... 0 0.08 | 0.01 | 0.04 


The abundance of water birds during the winter 
season depends largely on the state of the ice in 
Lake Erie. When the lake freezes along the shore 
the birds move farther out to deeper water, migrate, 
or are restricted to small areas where warm water 
expelled by industrial concerns keep small 
open. Inspection of Table 7 shows that the seaup 
duck and the two species of large gulls are the prin- 
cipal wintering lake birds, although there are often 
large numbers of Bonaparte gulls, a good representa- 
tion of two species of mergansers, and two other 
species of ducks. The numbers here given are only 
of restricted significance. Usually a census was 
taken by automobile along the lake shore road with 
stops at localities suspected to have birds wintering. 
There was very little walking involved so that the 
numbers are not comparable with those given for 
open country and forest birds. 


pools 


TaBLE 7. Yearly changes in abundance of water 
birds. Average number of birds observed per hour dur- 
ing the winter season. 











Species 1193435] 1935-36] 1936 -37| 1937-38 
Lesser Scaup Duck....... | 47 | 5 | 48 | 36 
Messe Gan. ........... (an ies 82 | 21 
Ring-billed Gull.......... | 14 |119 | 34 | 15 
Bonaparte Gull...........| 6 | 14 | 42 54 
Black Duck..............| 261 @M@ | B | 6S 
American Merganser.... . 4.2 8.7 | 2.5) 6.3 
Red-breasted Merganser . . 1.6 3.5] 0.3 1.4 
Ring-necked Duck........ | Oo |; @O | 1.1 0 





Table 8 compares the abundance of birds in the 
forest with open country. At all seasons birds ap- 
pear to be more numerous in the open country by 
six or seven times. Very likely birds are more numer- 
ous where the habitat is more open and varied and 
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where there is a greater supply of food, cover, and 
choice of nest-sites, although there is eonsiderable 
doubt if the ratio in abundance between these two 
habitats is correct. Birds ean be observed at greater 
distances in the open so that actually a larger area 
Likewise the floeking habit 
is more pronounced among birds of the open country. 


is censused at one time. 


TABLE 8. Total number of birds of 


all species ob- 
served per hour. 





December- March- 
February May 
Habitat Number | Number | Number | Number 
of of of of 
years birds years birds 
Forest. ..... 4 11 3 20 
Open Country . 4 79 3 171 
June- September- 
August } November 
Habitat Number | Number | Number | Number 
of of of of 
years birds | years birds 
| 
Forest......... 2 no) US Ll cS 
Open Country ... 2 6S 3 | 198 


When the abundance of birds is compared for dif- 
ferent seasons, these figures show birds to be slightly 
less numerous during the summer than winter but 
this may be due to their being more seattered and 
difficult to find. Other information indicates that 
generally they are more numerous during the breed- 
ing season than during winter months. The figures 
show that birds average two or three times more 
abundant in the spring than during the winter or 
summer and also more numerous during the autumn 
than spring. There are, of course, periods during 
both spring and autumn migration when birds are 
temporarily more abundant than these figures indi- 
cate. Colquhoun (1941), surveying a forest in Eng- 
land, found 18.0 birds per hour in Mareh, 17.6 in 
April, 19.0 in May, and 14.6 in June. These figures 
agree fairly well with those given for the Cleveland 
region. Urner (1930) found an average of 96 birds 
per hour in mixed upland habitats during June in 
New Jersey. 

Measurement of conspicuousness. Measurement of 
bird populations on the basis of number observed 
per hour permits drawing some general inferences 
and such measurements are more reliable than the 
type of indices first utilized. There are inherent 
inaccuracies and objections that are difficult to elimi- 
nate. Some of these have been mentioned. Prob- 
ably the most important is that species vary in their 
conspicuousness and in the readiness with which they 
attract an observer’s attention. This is due to differ- 
ences in size, flight habits, habitat in which observed, 
flocking tendencies, loudness and frequency of songs 
and ealls, flushing distance, and ease of recognition. 
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A crow that ean be observed a mile away over an 
open field obviously is not comparable in abundance 
to a downy woodpecker that may not flush until the 
observer is within fifty feet. 

Colquhoun (1940, 1941) has attempted to measure 
the relative conspicuousness of English birds during 
both the breeding and wintering seasons and to eor- 
rect his bird-counts aeceordingly. He arrived at a 
coefficient of conspicuousness by dividing the actual 
or true number of adult birds present, expressed as 
number per acre, by the number of adult birds ob- 
served per hour. The true or absolute number of 
birds present was determined by a careful census. 
The number of birds recorded per hour was on a 
basis of not less than 10 hours total observation. He 
also devised means of measuring “sone persistence” 
and “song intensity” as these factors affeeted the 
ease with which birds were recorded. Coefficients of 
conspicuousness computed in this manner are doubt- 
lessly reliable when a true census of stabilized birds 
ean be obtained. The ealeulation of these coefficients, 
however, requires considerable research and doubt- 
lessly varies as the activity of the birds varies in 
respect to migration, singing, nesting, gregariousness, 
ete. 

Tae writer attempted to obtain indices of eon- 
spicuousness for various species by measuring the 
distance from the observer to the bird at the time 
that the bird first attracted his attention. This is 
not the same as the distance at which a species ean 
he identified nor the maximum distance at which a 
species ean be seen. Tt means rather the average 
distance at which a species first makes itself known 
by movement, 
stationary. 


‘alling, or simply when remaining 
Often when a bird was notieed the ob- 
server approached closer to verify his identifieation 
or, in ease of flocks, to count the total number of 
individuals. The average of all records as well as 
the maximum distanee at which the bird was first 
observed are given in Table 9. These figures are 
for a period from October to Mareh, and to repre- 
sent more truly the winter season, some unusually 
long distance records of bob-white, tufted titmouse, 
and cardinal that were singing or 
included. 


valling are not 


The average distance a bird is first noticed is eon- 
sidered a better measure of conspicuousness than the 
maximum distance. The number of records is not 
adequate for many species to give a true index of 
conspicuousness, although most species fall in about 
the order expected. Since this index of conspicuous- 
ness is based upon a measurement of distance, this 
measurement also represents one-half of the width 
of the strip being censused. The inclusion of some 
birds beyond this average distance doubtlessly com- 
pensates for birds missed at distances less than the 
average. 

Since the number of records for any one species 
is not large and the differences between species fall- 
ing near each other in the table are of uncertain 
signifieance, the various species are grouped together. 
For instance, the width of the census strip (twice 
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TABLE 9. Distances at which species first attracted 
the observer’s attention, October to March. 





Area 


Number | Average Maximum) censused 


Species of distance, | distance, | per hour, 

records feet feet acres 
Bob-white é 10 19 35 9 
Towhee 2 21 30 9 
Ruffed Grouse 7 30 50 9 
Red-breasted Nuthatch 3 33 50 | 9 
Brown Creeper ‘ | 2 40 50 9 
Golden-crowned Kinglet 10 55 100 9 
Slate-colored Junco. . | 17 61 200 | 20 
Barred Owl... .. , 2 | 62 75 20 
Song Sparrow. . beaut 5 66 100 20 
Tufted Titmouse... ... 31 67 175 20 
Goldfinch. - : 9 69 125 } 20 
English Sparrow P 4 | 75 160 20 
Black-capped Chickadee 30 77 150 20 
Tree Sparrow..... 15 78 200 20 
Downy Woodpecker 32 SY 300 | 20 
White-breasted Nuthatch 35 115 400 | 40 
Cardinal ; «| 2 131 300 | 40 
Hairy Woodpecker... . ; 17 154 700 40 
Blue Jay Saris 15 163 350 | 40 
Cedar Waxwing... 2 175 a 40 
Horned Lark 2 200 300 | 40 
Robir ERTS s 328 SOO 8S 
Starling........ 9 339 1000 | SS 
Crow 5 SSO 1300 235 


the average distance at which first observed) for all 
species from bob-white to golden-crowned kinglet, 
inclusive, is considered to be 70 feet; from  slate- 
colored junco to downy woodpecker, 150 feet; white- 
breasted nuthatch to horned lark, 300 feet; robin and 
starling, 660 feet; and crow, 1,760 feet. Since the 
average rate of walking during December, January 
and February average 1.1 miles per hour, the num- 
ber of acres covered per hour are readily computed. 
Colquhoun & Morley (1941) arrived at total den- 
sities of birds with a very similar method except in 
order to determine the proper width of the census 
strip they used the distance at which each species 
could be identified. 

Table 10 
gives the order and rank of abundance of each 
species in its own community. To put all species on 
the same comparable basis, the figures represent in a 
relative manner the number observed on a hundred 
acres. This was easily computed as from Tables 3 
and 5 the number seen per hour is known and from 
Table 9 the area effectively censused per hour for 
each species is given. 


Relative size of wintering populations. 


Comparing Table 10 with Table 3 for forest birds 
shows some changes in the order of the species listed 
according to their abundance, the chief shifts being 
the higher rankings accorded the downy woodpecker 
and red-breasted nuthatech. With open country birds, 
changes in the order of abundance are more startling. 
The starling which ranked first in Table 5 drops to 
fifth in abundance leaving the English sparrow the 
most abundant winter bird. The place of the bob- 
white in the rankings is raised. It is difficult to be- 
lieve that there are twice as many bob-white as 
starlings in this area during the winter, but this may 
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TABLE 10. Relative abundance of various species dur- 
ing winter months, December to February, 1935 to 1938. 





FOREST 
Bilmek-canpod Chickadee. ... .. 2... oc ccc ccc ccc wsces 12.5 
MN Soa creo oo %. 6.6 wiveeeke wn wbete 10.5 
en eT Ee 6.0 
ee PET er ee ee 5.5 
Cardinal........ CeO anne ey AERO pee PO er dS 4.0 
White-breasted Nuthatch.......... eee Mente nL wns 4.0 
Golden-crowned Kinglet.............. A er eae a 2.2 
MNNENCIONID sg. 5 <5: 4.6. doscd  o. x ore Gobi e araieaey swiplelone 1.2 
I 0 a iat g ratiSiaio gai ordeaioiee eee aw ouioiwle 1.1 
SNE Soong 8 Sinan ulacaceiers eee seis 5 BS 
RMN TE Son ots eo AG eed cil eade te eee 0.4 
Oren Country 
NN Ee eee TE COT: 89.0 
REE Sc 8S oP it ee ee et ae 74.0 
EO ee Oe nee ere 42.0 
oo kr sted Sigh oc oats, eran Sci atelle xis ae 42.0 
EEO ieee eee er ee ners. 20.9 
1 A Ae ee er eter yeernce et . 13.8 
Song Sparrow...... Apiaceae Siveiats kclttanch elastin ae ee 10.5 
Goldfinch. ........ Beats dha ee skeet xi eS 7.5 
EE EERE Ah eee amen Metta a ee One te met eat fe ts 7.0 
MUNN cl are, Sacks ci imate edivessereeontlon 4.0 
SA SER eee SAE a ee Pee Nee 1.0 


névertheless be true. The bob-white seems less nu- 
merous because it is difficult to flush, while the star- 
ling occurs in flocks which are especially conspicuous 
in cities or near human habitations. 

Since the relative position of the various species 
is determined by estimating the number seen per 100 
acres, this would seem to indicate also their absolute 
abundanee, a true strip census. This, however, does 
not necessarily follow. The total sum of relative 
values of forest birds is 48 and open country birds 
is 312. When these values are compared with re- 
sults obtained from censusing birds during the win- 
ter time by other methods (pp. 93-94), the sum of 
relative values for forest birds agrees fairly closely 
with the number of individuals determined per 100 
acres by the census method, but the sum of relative 
values for open country birds is several times higher. 
Doubtlessly this may be explained by the difference 
in the nature of the two communities. The forest 
community is more nearly uniform in nature except 
for oceasional thickets and ravines. Probably a strip 
count through a forest would more accurately sample 
the bird population because all portions of this area 
are nearly alike and individual birds or bird groups 
would be fairly uniformly spaced. Therefore, the 
figures for relative abundance of forest birds may 
represent their actual numbers per 100 acres and 
be a true census. In the open country, however, 
birds are concentrated in forest-edges, shrubby or 
weedy fields, fence rows, refuse centers, ete., and are 
absent from open fields where vegetation is secant. 
The usual bird observer is after a long list of spe- 
cies and naturally traverses those areas which he 
knows from previous experience are likely to be areas 
of concentration and avoids those areas where birds 
are less likely to oceur. Therefore our relative val- 
ues for ranking the species of open country birds 
are without significance for indicating absolute abun- 
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dance. In spite of these difficulties, the reasoning 
demonstrates that for ultimate reliable determination 
of the relative abundance of birds, analysis must be 
so complete as to put the results on essentially the 
basis of a true census. For the vast number of trip 
records compiled by bird students in the past, it is 
very doubtful if the necessary information is avail- 
able in sufficient detail to make such analysis pos- 
sible. It appears that ornithology must start almost, 
but not quite, anew and gather exact quantitative 
data on the abundance of birds by the development 
of improved census methods. 


MEASUREMENT OF ABSOLUTE 
ABUNDANCE 


Census MetHops 


A comparison and deseription of various methods 
for taking bird censuses have been outlined by Kash- 
karov (1927), Nicholson (1931), Hosley et al (1936), 
Lack (1937), Bray (1938), Wight (1939), James 
Fisher (1939), and Palmgren (1941). Lack (1937) 
and Hickey (1943) have compiled census data for 
many areas. These methods may be conveniently 
grouped as to whether they apply to the counting of 
birds over a strip area of known width and length 
or on a plot of usually some other shape. Both in- 
volve direct enumeration of the birds, their nests, or 
other evidences of their A fundamental 
difference is that over the strip area or belt transect 
a census is taken but once, a larger and greater 
diversified area may be covered, the desirable width 
of the area needs to be established, and the final 
results are usually not so dependable. This may be 
called the strip census. 


presence. 


A eensus over a permanently established area may 
be designated, for contrast, a plot census. A _ plot 
may vary in size from a few acres to an entire con- 
tinent. The plot often includes several communities 
or habitats, but for most effective use as a sample 
count capable of application elsewhere it should con- 
tain but a single major type of community. Differ- 
ent methods may be employed to count individuals 
of different species; likewise, repeated visits permit 
censusing each species at the most favorable time. 
Plot censuses when properly carried out furnish data 
of greatest accuracy. 

For both types of census, the number of birds 
become known over areas of known size. Density 
ean then be computed in terms of number per unit- 
area. Lack (1937) urges this expression in terms 
of number per 100 acres (40 hectares), and this is 
the standard adopted by the National Audubon So- 
ciety in their breeding bird censuses. This standard 
is simple, clear, avoids fractions, and is easily re- 
ducible to birds per aere if this is desired. During 
non-breeding seasons birds of both sexes and all ages 
are usually counted by direct observation and the 
density expressed simply as number of birds per 
100 aeres. During the breeding season it is desir- 
able, where possible, to know the number of adult 
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birds of each sex that are actually breeding and 
also the number of birds present but non-breeding. 
Usually the density during the breeding season is 
expressed as number of pairs per 100 acres. Davis 
(1942) has recently suggested that the unit should 
be one of volume of vegetation (100,000 eubie 
meters) to compensate for variations in the number 
of birds due to differences in height and density of 
the vegetation, viz., prairie, shrubby fields, forest, 
ete. However, correlation of bird population den- 
sities with the amount of vegetation in an area is 
only one way in which such data may be utilized 
and retaining the density figures on the simple areal 
basis will permit studies of many other sorts. 

Both the strip census and plot census may be 
concerned with a single species or with the total 
population of all species. Since the count of total 
populations is usually more difficult and complex, 
census methods applicable to single species or groups 
of closely related species will be first considered. 


CENSUS OF SINGLE OR CLOSELY RELATED SPECIES 

Literature. The census of waterfowl over the 
North American continent is one of great impor- 
tance in their management and in the formation of 
hunting regulations, yet the censusing of waterfowl 
presents problems of special difficulty. 

In censusing water birds in sanctuaries on the 
Gulf of St. Lawrence, Lewis (1931, 1942) used actual 
counts of birds present, their nests, as well as esti- 
mates. In computing the number of ducks in the 
Illinois River valley, Hawkins & Bellrose (1939) 
count as well as they ean from shore and boat the 
number of birds on several lakes, get the area of 
these lakes by using planimeters on large scale maps, 
compute the number per acre on three classes of 
lakes of different attractive value to the birds, 
classify all the lakes as to their attractiveness, then 
on this basis compute the number for the entire 
valley both before and during the hunting season. 
The final results, however, are only rough estimates, 
and during recent years they have censused about 
three-fourths of all the lakes by direct counts. More 
Game Birds in Ameriea (1935) arrived at an esti- 
mate as to the number of ducks in North America 
by using several different methods on various sam- 
ple areas. Direct counts of birds were made on 
small accessible ponds and lakes. In large marshes 
floating blinds were used. On the extensive less 
accessible breeding grounds of western Canada ob- 
servers used cabin airplanes, either counting or esti- 
mating the numbers directly seen or photographing 
the lake and then making the counts from the devel- 
oped prints. All counts and estimates were made 
during the summer. Mason (1936) also reports the 
use of airplanes in making surveys of waterfowl in 
Florida. 


The Fish and Wildlife Service of the United 
States Department of Interior (1941) send special 
investigators into the principal breeding and winter- 
ing grounds of the ducks. These investigators in- 
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spect many areas personally and receive reports from 
local observers. In January each year a special sur- 
vey is organized that involves dozens of observers 
over the country who personally count or estimate 
the number of birds on the important wintering 
areas within a period of a few days to avoid error 
due to birds shifting from one area to another. In- 
structions are given for use of airplanes in making 
these surveys. When reports are compiled there is 
an approximation of the total number of birds over 
an immense area. 

In a sense, these studies with waterfowl are not 
true censuses, as estimates rather than actual eounts 
are always involved where large aggregations oceur. 
A common method of estimating is to count a group 
of individuals up to 100, then visually block off 
additional groups of a hundred birds comparable to 
the first count until 1,000 birds are reached, then 
similarly block off groups of 1,000 until the entire 
aggregation is covered. When the birds are actively 
feeding or diving, allowance is made for birds out 
of sight. Where the birds leave the marshes in the 
evening to feed in upland fields, their numbers ean 
often be closely estimated as they pass over in long 
flight lines. If the total area covered by a resting 
flock of waterfowl can be estimated, a figure for the 
size of the flock may be obtained by allowing one 
bird for each square yard and then deducting one- 
third of this number for open spaces (Bell 1937). 

Lincoln (1930) has worked out an_ interesting 
method that furnishes a short-cut for estimating in 
a rough manner the total number of ducks in North 
America. Each year several thousand ducks are 
banded and released. These are exposed to mortality 
from hunters to the same extent as are unbanded 
birds. Hunters that kill banded birds report these 
bands to the Fish and Wildlife Service. If the total 
number of birds killed each year is known, then the 
number of banded birds killed should be the same 
pereentage of the total number killed as the total 
number banded is to the total number of ducks in 
existence at the beginning of the hunting season. 
Lincoln has found that this percentage ratio is 
usually around 12. The method is subject to error 
when banded birds are not reported, but this is offset 
by doubtlessly many birds being killed and not re- 
ported. Likewise the method is not reliable for small 
areas or for small samples of the total population. 
Winkler (1930) proposed a similar method for taking 
censuses of land birds in Europe, that involved per- 
centage of banded birds in total number of birds 
coming to banding stations. There may be inae- 
curacy involved here in that birds once caught and 
banded may not return to the traps as readily as 
new birds, although some individuals acquire the 
trap habit and return even more frequently. 

There have been many censuses of single species 
or small groups of species over extensive areas in 
Kurope. Schiiz (1933) surveyed the population of 
white storks in East Prussia, and gave the number 
of birds per square kilometer of the area in general 
and also per square kilometer of suitable habitat. 
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Nicholson (1928) first reported a eensus of nearly 
all known British heronies in 1928. In 
the census covered a few selected 
as an index of yearly fluetuations (Alexander 1942). 
Morrey & Lockley (1933) and later Wynne-Ed- 
wards, Loeckley, & Salmon (1936) took censuses of 
gannets on islands through use of photographs. 
Vevers & Fisher (1938) censused gannets by direet 
eounts and they also developed a new method. This 
involved the determination of the ratio between the 
number of birds alighting on the side of the cliff 
per unit of time and the actual number of nests or 
pairs there. When this ratio was established, ex- 
tensive areas could be covered more quickly by sim- 
ply counting the number of birds alighting during 
the time unit adopted. This method was used in 
several later studies. In 1939, Fisher & Vevers give 
a figure for the breeding population of the gannet 
over the entire world. In another extensive study 
Fisher & Waterston (1941) give data on the breed- 
ing population of fulmars in all known loealities. 
Hollom (1933, 1936) and Harrisson & Hollom 
(1933) organized a series of censuses of the great 


later vears 
heronies to serve 


erested grebe which required the cooperation of many 
observers over England, Seotland, and Wales.  Hol- 
lom (1940) has also surveyed colonies of the black- 
headed gull. Harrisson & Hurrell (1933) censused 
the black-backed gull in England and Wales; Lister 
(1939) has a report on the lapwing. Goddard (1935) 
studied short-eared owls in a small tract, and Middle- 
ton (1934-1937) concentrated on 
partridges in Great Britain. 
Among passerine species, there have been several 
counts of rooks in various sections of England (Roe- 
buck 1933, Yapp 1934, Tucker 1935; Cramp & Ward 
1936, Mitchell 1938). Boyd (1933-1936) and Cramp 
& Ward (1934) have reported a series of studies 
with swallows, Marples (1934) has a population re- 
port on starlings, Price (1935) has two separate 
reports on nightingales, chiff-chaffs, and willow war- 
blers, and Serle & Bryson (1935) have one on the 
dipper. Most of these studies deal with conspicuous 
species or those the nests of which are easily found 


populations of 


or that oceur in large colonies or roosts or that are 
especially sought after by sportsmen. 

Returning to work done in this country, many 
population studies over large areas deal with game 
species, especially upland game. Leopold (1931) 
made a general survey of the north-central states. 
Later Bennitt & Nagel (1937) made an extensive 
survey of Missouri. For bob-white and pheasant 
populations, counts were made on selected farms with 
the help of dogs, many hunters’ reports were utilized, 
and kill records were obtained. 

Errington & Hamerstrom (1936) used various 
techniques in their winter censuses of bob-white over 
unit areas varying from one to five square miles. 
These included counts of birds through use of dogs, 
from tracks in the snow, from body impressions 
made in the snow or dirt at roosting places, and in 
flushed coveys. They found their counts became less 
accurate when the population went beyond 1 bird 
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per 4+ acres. Trained bird dogs are of great aid in 
increasing the aceuraey of game bird censuses (Wight 
1931, 1934). In late summer, however, they cannot 
be as effectively used, except in early morning hours, 
as the abundance of pollen and high temperatures 
greatly decrease their efficieney (Bennett & Hendrick- 
son 1938a). Allen (1938) and Lay (1940) used long 
lines of men and dogs to traverse an area and to 
obtain complete counts of bob-white and pheasants. 
A line of 20-40 men could census 600 to 1,200 aeres 
in 6 hours. In open country the men were placed 
12 yards apart but in dense brush this space was 
decreased to 6 yards. 

Since valley quail do not commonly “freeze” when 
alarmed, the use of pointer dogs for censusing is 
Glading (1941) 
deseribes an effeetive method wherein three men rode 
on horseback about 200 feet apart with man 
counting birds that flushed within 100 feet on each 
side of him. At the edge of the area the three men 
rotated and returned on the next adjacent strip, the 


less successful with this species. 


each 


outside man always riding slightly ahead to prevent 
flushed coveys from spreading into uncensused areas 
and being recounted. Under good weather conditions 
and in brushland where the cover was not too dense, 
750 aeres could be covered in an eight-hour day with 
an aceuraey of 90 per cent. 

R. T. King has worked out a method for censusing 
ruffed that seems to be effective. The area 
to be censused is laid off into 40 aere bloeks by 
compass lines which the observer follows. It is neces- 
sary not only to count all birds flushed but also to 
get the average distance from the observer at which 
they flush. Twice the average flushing distance is 
taken as the width of the census strip, this multiplied 
by the distance traveled gives the area censused. 
When the total area is divided by the area censused 
and multiplied by the number of birds observed, it 
gives the population over the entire area. L. W. 
Fisher (1939), using this method, found the average 
flushing distance to be about 45 feet and he used an 
average width of about 87 feet for the census strip. 


grouse 


If the average flushing distance were once found to 
be constant for certain types of cover or seasons, 
it would not be necessary to redeterminate it for 
each census strip. In censusing Canada geese in the 
Bear River Migratory Waterfowl Refuge, Williams 
& Marshall (1937) found they could count geese on 
their nests in spring before the vegetation had at- 
tained full growth in a strip 200 yards on each side 
of a small boat. 

Bennett & Hendrickson (1938) devised a short-cut 
method for censusing ring-necked pheasants in Iowa. 
By comparisons between known populations in an 
area and the number that could be seen from an 
automobile, they found that 8-10 birds recorded to 
a mile, while traveling at 20 miles per hour along 
country gravel roads between 6 and 8 A.M., indicated 
a population of 1 bird per 4-5 acres, 2 birds per 
mile indicated 1 bird per 7-9 aeres, and 1 bird per 
mile indicated 1 bird per 18 acres. Randall & Ben- 
nett (1939) revised the index values for Pennsylvania 
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as follows: 6-8 birds a mile indicated a population 
of 1 bird per 2 acres, 2-3 birds a mile indicated 1 
bird per 4 acres, 0.7-1.8 birds a mile indicated 1 
bird per 6-7 aeres, and 0.25 to 0.60 bird per mile 
indicated 1 bird per 18-20 aeres. The principle in- 
volved is that the birds roost at night in open fields 
and do not seek heavy cover or cornfields until the 
morning dew has evaporated. 

Allen (1942) found that when the total kill of 
cock pheasants in an area is known the total pop- 
ulation of the species may be estimated from the 
change in sex ratio after the hunting season eom- 
pared to what it was before the season opened. The 
number killed is equal to the percentage drop in ratio 
of males to females. 

Davison (1940), Lehmann (1941), and Douglass 
(1942), in censusing prairie chickens, counted from 
a ear or blind during early spring mornings the 
number of males on the various courting grounds 
over the area. Inaccuracies in the method appeared 
to be due to changes in the weather and to the diffi- 
culty of distinguishing the sexes. Davison states that 
with this method 16 square miles could be censused 
in 5 or 6 days. Lehmann also used other methods. 
He found that 2,000 aeres of open prairie could be 
accurately censused in a day by pulling an inch rope, 
60-120 yards long, between automobiles traveling 
5-15 miles per hour. He tells how early settlers and 
market hunters in Kansas and Texas used to hunt 
these birds by pulling ropes between wagons spaced 
300 yards apart. 

Graham (1940) has suecessfully used a method 
for censusing ruffed grouse and other birds with 
loud calls, whereby observers are stationed before 
) A.M. at various locations around a quarter section. 
Each observer records the direction, relative distance, 
and time at which the birds drum or call. When 
plotted on a map the intersection of two lines gives 
the location of the bird within 300 feet. 

Moffitt (1943) has conducted annual censuses since 
1931 of black brant wintering off California. Direet 
counts are made of bird concentrations with binoe- 
ulars either from boats or from points of advantage 
along the shore. Allen (1937) made a census of all 
the heronies on Long Island. Watson (1907) and 
Wright (1913) obtained figures for total populations 
of terns and cormorants nesting on islands by find- 
ing the total area covered by the colonies and multi- 
plying this area in square feet by the average number 
of nests per square foot. 

Population studies of the crow over large areas in 
the winter have been given spec ‘ial attention as the 
birds are then coneentrated in large conspicuous 
roosts whose size may be estimated. Emlen has con- 
dueted such counts for New York (1938) and Cali- 
fornia (1940), and Black (manuscript) for Illinois. 

McClure (1939, 1942) censused mourning doves in 
Iowa from April to September by counting the num- 
her of males cooing within 100 yards of the observer 
either before 9 A.M. or after 5 P.M. This gave the 
number of birds over an area with a diameter of 
200 yards. He states that only breeding birds coo 
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and he has worked out correction figures for time of 
day, temperature, weather, wind, and season. When 
a census of nests is made, he has a ratio by means 
of which the total production of young for the sea- 
son may be computed. In a recent review (Wils. 
Bull. 55, 1943: 198-200), Nice has pointed out cer- 
tain fallacies in his methods. 

Bob-white in Ohio. In 1933, Kendeigh presented 
data on yearly bob-white populations in Ohio for 
the period 1908 to 1931, inclusive. Since another 11 
years have elapsed the curve showing abundance 
(Figure 1) may be extended. These data give an 
estimate of the total number of bob-white in the 
state in early winter based on an analysis of the 
Christmas Bird Counts of the Audubon Magazine. 
The number of these counts in Ohio have varied from 
11 to 20 during the last 11 years. Although fairly 
well scattered over the state, the number of sample 
counts is too few and the conditions of observation 
are too variable and uncontrolled for permitting 
great confidence in the results as a true census, but 
since many localities are represented year after vear 
the data give an indication of at least major yearly 
changes. During these 35 years the toal sec nd 
has varied from less than 1,000,000 to over 4,000,000 
birds. Since about 1920, the population has varied 
around 3,000,000 birds or approximately one bird 
per 9 aeres (11 birds per 100 acres). Although this 
figure seems a reasonable one for the population of 
an entire state and closely approximates the esti- 
mate made by Bennitt & Nagel (1937) for the median 
number of birds in the entire state of Missouri in 
the early fall of 1934, it needs verification from a 
larger series of direct counts in properly selected 
sample areas. 

In arriving at the figure for the population of 
birds during any year, the Christmas Bird Counts 
were first tabulated under the following headings: 
number of parties in the field at each locality, num- 
ber of observers at each loeality, combined hours in 
field for all parties, total mileage on foot for all 
parties, amount of snow on ground, and number of 
bob-white observed. From this table, the average 
number of observers per party for all localities was 
determined as well as the average number of miles 
covered per party. To determine the area that was 
censused it was assumed that each observer was re- 
sponsible for a strip 75 feet wide which would allow 
an average flushing distance for the birds of 37.5 
feet. This was then multiplied by the average num- 
ber of miles covered per hour per party and by the 
total number of parties. To allow for increased 
efficiency in censusing, this area was multiplied by 
the average number of observers in the party. Two 
persons will doubtlessly find more birds than will 
one, when going over the same route, because of the 
greater disturbing effect that they have, the increased 
noise that they make, and by their going along oppo- 
site sides of hedges, thickets, ete., although probably 
they will not find twice as many nor will three per- 
sons find three times as many birds. Not knowing 
the absolute value of this efficiency factor there may 
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Fig. 1. 


be some inaccuracy in this step of the computation ;- 


however, the exaggerated size of the area considered 
censused may compensate somewhat for the tendency 
of observers to select forest-edges, field borders, and 
similar situations where the birds are more abundant 
and to avoid open fields and other areas where birds 
are usually absent. The next step was to determine 
the number of birds observed per hour by all parties. 
When the area in square miles covered by all parties 
per hour was known, the number of birds per square 
mile was readily computed, and then this figure was 
multiplied by the number of square miles in the state 
as a whole. 

This figure needed one more important correction 
based on the amount of snow on the ground. When 
there was a good snow cover birds were more easily 
located by their tracks, so that population figures for 
those vears are higher proportionately than for vears 
with little or no snow. In Figure 1 the ecaleulated 
number of birds for each year is plotted and sur- 
rounded by a symbol indicating the amount of snow 
present. The final curve showing the general trend 
of variations in the size of the population from year 
to year was drawn by eye roughly midway between 
years with good snow cover and years with none. 
This curve does not exactly duplicate the one given 
by Kendeigh (1933) in that the small peak for 1916 
given in that paper was due to an error in plotting, 
the data. 


Trend of yearly fluctuations in size of populations of bob-white in Ohio. 


There is still a difference of opinion among’ stu- 
dents of the bob-white as to whether the species is 
eyelic in numbers, irruptive, or relatively constant. 
Perhaps there will be differences between regions 
(compare with Errington 1941), but for Ohio this 
curve strongly suggests variations of a rhythmieal or 
eyelical nature with former peaks in 1911 or 1912, 
1923 or 1924, and about 1935, with low points about 
1909 (?), 1915, 1928 or 1929, and 1940. Eliminating 
the doubtful low year of 1909, these points in the 
curve come at intervals of 12 or 13 years. 

Trapping and identifying 
individual birds at or near their nests is a practicable 


Trapping house wrens. 


method for measuring and studying small popula- 
tions in limited areas. Nice (1930) has done this 
for the song sparrow simply by placing a trap on 
the ground within the bird’s territory near its nest. 
Trapping and individual identification of adult birds 
have been the means for working out several exeel- 
lent studies on the dynamies of populations and on 
the interrelations of 
especially in respect to territory and mating (Nice 
1941a). 

Practically all nesting house wrens on 
Farm (Baldwin Bird Research. Laboratory) 
captured at their box-nests by trap-perehes and 


individuals within a_ species, 


Hillerest 


were 


identified by numbered government bands for the 
period from 1915 to 1939 inelusive. In addition 


the population for 1940 was estimated from the 
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number of broods (three) known to have nested. 
During 1940, the number of boxes and other environ- 
mental conditions remained similar to 1939, and the 
census of nesting boxes was made by a 
had lived on the estate for several years and was 


familiar with the work. 


person who 


When the total number of adult house wrens of 
both sexes is graphed (Figure 2) a distinetly fluectu- 
ating curve results. For all years previous to 1921 
the record is not too clear, but except for 1916, the 
available evidence indicates that the entire popula- 
tion was identified or very nearly so. Beginning with 
1921 this was more certainly true.. Beginning with 
this year also it is fairly certain that the number of 
boxes available was always ample and more than 
were occupied at any one time. Probably this was 
true for earlier years. In the records for 1917 one 
box had the number of “51,” and there is every 
reason to believe the boxes were numbered consecu- 
tively as they were erected. Except for a_ slight 
drop in 1917, Figure 2 shows a steady increase in 
the size of the population up to 1922. Although 
there are few for these early vears, all the 
information available indicates that there were prae- 
tically as many boxes available in 1917 and probably 
also in 1915 as there were in 1922, so that this in- 
creasing population was not due to an inereasing 
number of nest-sites. There is no record of whether 
boxes were available before 1915, although in 1921, 
Dr. Baldwin (p. 238) wrote, “It was in the spring 
of 1915 that IT began the use of trap nest boxes... .” 
The inference from this statement is that boxes with- 
out arrangements for trapping the adults may have 
been present during earlier years. 
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Fig. 2. Analysis of the population curve for house 
Wrens in respect to age and sex and correlation with 
mean temperature of wintering range during December, 
January, and February. The age of a few birds was 
not determined. 


It is possible to consider the climb in size of 
population to 1922 as representing a natural growth 
of a population when an area becomes available for 
colonization, as old birds returned and new birds 
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discovered the area. However eight years, from 
1915 to 1922 inclusive, constitute too long a time to 
suppose that the increase was due just to the slow- 
ness of colonization. From 1915 to 1919 the pop- 
ulation increased only from 7 to 13 birds. From 
1919 to 1922 the inerease was from 13 to 26 birds 
or at a much accelerated rate and similar to the rise 
that oceurred from 1926 to 1930. It seems logieal to 
suppose that the years from 1915 to 1919 were un- 
favorable for establishing a large population. The 
drop in population in 1926 and in 1940 needs also 
to be explained. If 1917 is taken as a low year, 
then the periods between successive very low popula- 
tions are 9 vears and 14 years. 

Superimposed on these major fluctuations in pop- 
ulation is possibly a smaller variation of 3-4 years. 
Beginning with a peak in 1922 another peak was 
due in 1926 but was thwarted by the great dip in 
population that will presently be explained. The 
secondary cycle began again in 1930, and is repre- 
sented by peaks in 1933 and in 1937, but was inter- 
rupted again by the great drop in 1940. This smaller 
superimposed evele cannot be considered substanti- 
ated in this record because the record covers too small 
a period. Although these data on breeding popula- 
tions over a period of 26 vears is one of the longest 
on record for any passerine bird, it should cover 
probably a century to furnish sufficient evidence. 
Long term studies of animal populations, preferably 
in undisturbed natural areas, should be initiated even 
now and condueted by institutions, as universities and 
museums, where the continuity can be insured beyond 
the lifetime of any single investigator. 

When the population of a species is identified as 
individuals, analysis of variations in the population 
in respect to age and sex is possible. This was done 
for the house wren for the vears 1918 to 1939 in- 


clusive (Table 11). All unbanded birds appearing 


each year were considered as birds in their first 
breeding season, or approximately one vear old 


(Kendeigh & Baldwin 1937). Tables 12 and 13 
show further what can be done in analyzing a pop- 
ulation in respect to its reproductive activities when 
the identitfy of the constituent individuals is known. 
All three tables were compiled after the territorial 
and mating relations had been carefully analyzed 
(Kendeigh 1941a). As there were some unidentified 
birds and incomplete nesting attempts the data here 
presented differ in several cases from those given in 
our earlier paper (Kendeigh & Baldwin 1937). Some 
birds, the stay of which was only temporary are here 
included although omitted in the earlier table, and 
some corrections are made as the analysis of terri- 
tory behavior permitted more definite recognition of 
individuals that were not banded. Probably the fig- 
ures given in the present paper represent a_ better 
index of the yearly population, although the funda- 
mental conclusions of the 
changed. 

Figure 2 is an attempt to analyze the population 
curve of the house wren and to determine its various 
components. Considering first the age factor. it is 


sarlier paper are not 
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TABLE 11. Analysis of yearly 
wrens in respect to age and sex. 


populations of house 





Number of identified birds 
in each age class | 
Total Per 











a a x Total 
Year identified); cent popula- 
1 yr. /2 yr.|3 yr.|/4 yr.|5 yr./6 yr. males tion 
1915 | 7 
1916... 2 1 0 0 0 0 3 | @ 
1917 6); 0 0 0 0 0 6 : 6 
1918 s|/ 1/0] 0] 0] o 9 s x. 
1919.....| 9} 3} 1| 0| of] o| 13 . | 2B 
1920... 10 | 4 0 0 0 0 14 50 14 
1/2] 3] 0] o| o| 2 55 | 20 
is| 4] 0} 3] O| O 25 62 | 26 
| | | 
1923 wi st 21 6) e| 6 23 ss | (5 
1924. 12} 5| 2] ao] o| o 19 53 19 
1925... sj 2| &|_ 8] OO} Oo 16 53. |s«17 
1926 7| 0] O| 1] O| Oo 8s | 40 | 10 
1927 1%] 2) O| o| o| o| 17 55 | 20 
| | | | 
1928.. 12} 4] 0] O|] O| O| 16 50 |} 22 
1929... 14|/ 4] 3] of] o| oj 21 50 | 22 
1930 wi 4i ft $f eile! 48 | 25 
1931.....)10| 6| 1] 1] 0] 0 | 18 33.—~Cié«‘SL#«#SCdA) 
1932.....) 12] 2] 3 } Oo] 1/0} 18 | 30 20 
1933.....| 19 | 4} 0] 1] @| of 2 50 26 
1934..... 115| 3| 2] o| o| of 20 62 21 
1935.....,10] 7} 1] 1] 0] O| 19 55 20 
1936. | 2] 3 | 1/ 1/ 0] 18 | 33 19 
1937. |}23] 2] 1] 2 | eo; rt = 55 29 
1938.....117| 6} 2] 1] of] o| 26 38 26 
1939.....}15| 4] 2] o| Oo] Oo 21 37 23 
1940.....| | | 6 
Total } | | 
1916-39|297 | 77 | 32] 14] 2] 1] 423 53 ave.| 18 ave. 





Per cent.| 70 | 18 s| 3] 0.5] 0.2} 





apparent that the curve for number of one-year-old 
birds that were breeding for the first time agrees 
very well with the curve for the total population. 
On the other hand, the curve for variations in num- 
ber of older birds that were present for the second 
or later years shows no such close correlation. From 
1918 to 1925 there was a gradual increase in the 
population of older birds, but the peak in the total 
population during 1922 and 1923 was due to first- 
vear breeders. This youngest age class already had 
begun to decrease in numbers in 1924 and this con- 
tinued in 1925. During 1924 and 1925 the two-year 
and older adults increased slightly to compensate in 
part for the reduced number of one-year-olds. In 
1926, the pronounced drop in the total population 
curve was due to these older birds abruptly falling 
off in numbers while the one-year-olds decreased only 
slightly. 

In 1927, one-year-olds quickly recovered to a mod- 
erate abundance which they more or less maintained 
until 1930. The number of two-year-olds increased 
steadily to 1930. The trough of 1931 was due to a 
drop in number of one-year-olds and not the two-year- 
olds. This latter age group fluctuated back and 
forth until 1939 and the two peaks (1933, 1937) and 
one trough (1936) in the total population curve was 


due primarily to variations in the number of one- 
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year-olds. The great drop in 1940, however, in- 
cluded both age groups. 

This analysis indicates that variations in the yearly 
abundance of the species are due principally to 
variations in the number of young birds to reach 
sexual maturity and return to the area each year. 
This, in turn, may have been due to variations in 
the amount of reproduction the preceding year but 
it more likely caused by variations in mortality over 
winter (Kendeigh & Baldwin 1937). Unfavorable 
climatie conditions occasionally oceur, and to them 
young birds appear more sensitive and responsive 
than older birds. 

When the sex ratio is expressed as percentage 
males in the total population and plotted (Figure 
2), there appears some tendeney 
relation with the curve of total abundance during 
the first half of the total period. When the popu- 
lation is high there tends to be a greater proportion 
of males than when the population is low. This 
correlation, however, falls down in comparing the 
variations in the two curves for the second half of 
the period. The correlation is no better when the 
percentage of males among the one-year-olds is com- 
pared either with the population of the one-year-olds 
or the total population. It is probable that the fae- 
tors causing these variations in the population affeet 
both sexes in nearly a similar manner. 

Environmental and other factors that may affeet 
variations in abundance of the house wren have 
been analyzed for the years 1921 to 1934, inclusive, 
in two earlier papers (Kendeigh 1934, Kendeigh & 
Baldwin 1937). Of all the factors considered, tem- 
perature appeared to be most influential both in 
causing variations in yearly amount of reproduction 
and in yearly mortality. In Figure 2 the mean tem- 
perature on the wintering range during December, 
January, and February is plotted. A eurve show- 
ing the mean temperature during the breeding sea- 
son was drawn but is not here included as it showed 
no correlation with the population eurve. <A _ sep- 
arate curve for temperatures during May gave some- 
what more promise but did not correlate as well as 
the temperature curve for the winter. Average 
monthly precipitation and percentage of possible 
sunshine appeared unimportant during the breeding 
season. During the winter, precipitation was espe- 
cially heavy during the years 1915, 1919, 1926, and 
1936, which correlate with low points in the popula- 
tion eurve, but it was not exceptional in 1940. 
Probably its influence is secondary or supplementary. 

Winter temperatures preceding the breeding 
son were generally low from 1915 to 1921. This may 
explain the suggestion made earlier (pp. ???-???) 
that the colonization of this area by birds during 
these early years was not as rapid as would be ex- 
pected for normally favorable conditions. Unfavor- 
able weather conditions for birds in 1917 and 1918 
have been noted by Cooke (1923). The peak in the 
population curve for 1922 and 1923 agrees with a 
rise in temperature during the winter which pre- 
sumably would permit a greater survival of birds. 
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Drops in the population curve in 1924, 1926, 1931, 
1936, and 1940 coineide with extreme drops in the 
temperature curve during these same years. Likewise 
of greater abundance follow winters with 
milder temperatures although the degree of abundance 
seems not to correspond with the height of the tem- 
perature curve so long as temperatures are above a 
certain threshold. As shown in the figure this thresh- 
old may come at about 50° F. (13° C.). When winter 
temperatures average below this point, mortality be- 
comes considerably higher, so that the breeding pop- 
ulation the following summer is reduced. Actually, 
the greatest amount of this mortality may come dur- 
ing short periods of a few hours or days when tem- 
peratures are especially severe. The curve showing 
variations in number of one-year-old birds agrees 
with the temperature curve better than does the 
abundance curve for two-year-old birds. 

Local shifts in the population of the house wren. 
In addition to factors, as climate, that may affeet 
the abundance of a species, there may be loeal shifts 
af birds between neighboring areas as well as ex- 
changes of individuals between the breeding and 
non-breeding populations. This can normally be 
ascertained only when there is identification of the 
individuals composing the population, as through 
banding. If a territory is occupied 
throughout the breeding season, this may or may not 
be by the same adult individuals. If the territory is 
occupied by different individuals during the second 
breeding period than during the first, this should be 
considered in computing the total population that 
uses the area. This is especially true if birds present 
only part of the season do not nest elsewhere the 
same year. 


years 


nest-site or 


TABLE 12. 
ods each year on a 15-aere country estate. 
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Tables 12 and 13 are given to show the extent of 
shifts in the individual components of a population 
of the house wren that has two breeding periods a 
year (May-June and July-August). In this species, 
the male remates for the second brood, and the re- 
mating may be with a different female than he had 
for the first brood or it may be with the same one. 
During the 19 years with records, there was a change 
in identity of about 24 percent of the males and 28 
percent of the females (average 26 percent all 
adults) between the first and second breeding periods, 
the number that disappeared from the 15-acre area 
was replaced by nearly the same number of new 
birds that came into the area. From trapping and 
banding operations in the surrounding region it is 
known that about 12 percent of those birds that ap- 
peared or disappeared between broods nested else- 
where the same year. This would be equivalent to 
only 3 pereent of the total population. Thus the 
total number of birds that should be counted as 
nesting on the area at some time during the season 
was higher by 23 percent than would be indicated 
if the size of the population were measured simply 
by counting oceupied nests, established territories, 
or number of adults present at any one time. The 
problem is of course simpler for those species that 
have only one brood during the year. 

The non-breeding population of the house wren. 
Analysis of Table 12 permits computation of the 
percentage of singing males that do not secure mates 
for nesting. During any one breeding period this 
percentage is high, but taking the season as a whole, 
there is record of only 6 birds that went through 
both breeding periods without nesting out of 134 
that were present on the area throughout the season. 


Summary of mating activity and changes in population of male house wrens between breeding peri- 





Present throughout season 





Disappeared at 


New birds 











—_ $$ end of first second Died Polygyny 
Mated Unmated period period during Total 
Year ——— | ———_, ——_—_— ————_|—__—____ , ——_ | ——___, | _ first ——_—————__| number 
Both First | Second | Both | Un- | Un- | period | First | Second 
| periods | period | period | periods | Mated | mated | Mated | mated | period | period 

m8 £ | Se 8 o | 1 | Oo 1 1 0 1 1 | un 
1922. s i @ 2 a= Se 4 0 . + «@ 1 | 16 
1923. .| 4 | 0 | 0 1 3 0 2 2 0 1 0 12 
1924. 4 2 1 1 t | #2 0 r |} @ |] ® 0 | 10 
1925 5 | 1 0 1 0 0 0 1 1 2 0 9 
1926... ..| 2 0 0 0 0 0 1 1 0 0 1 4 
1927. 4 1 | 0 0 1 2 2 1 | 0 | 0 1 11 
1928.....| 4 4 |] 1 1 1 0 0 0 0 | O y | 
Me.....1 8 a ee 0 1 0 0 0 0 0 QO | 
1930..... 3 1 5 0 1 0 1 1 0 2 0 12 
Iel..... 4 0 | + 0 2 0 2 0 | 0 | 0 1 10 
1932. . 5 1 | 1 0 2 0 1 0 | 0 } 0 0 10 
1933..... 4 0 | 5 0 4 0 0 0 0 1 1 | 13 
1934. . 3 3 2 0 2 1 2 0 | 0O | ¥ 0 | 13 
1935... .. 4 eo | 32 0 1 0 2 r | @ | 1 0 | ul 
1936 5 1 1 1 1 0 1 0 0 0 1 10 
1937... 6 0 | 1 0 2 1 4 e | 8 0 1 16 
1938... .. 4 1 1 0 4 0 5 0 | oO | 0 0 15 
1939... .. 4 0 | 2 0 3 0 | 4 0 | @ | ® 0 | 13 

Total. 81 16 | 31 6 33 | 6 32 10 3 9 9 218 

| | 
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However there were 16 other males that left the area 
at the end of the first breeding period or appeared 
for the first time during the second period which 
did not secure mates while on the 15-aere area. Prob- 
ably 12 percent or 2 birds out of these 16 secured 
mates elsewhere during the season. If the remain- 
ing 14 birds are added to the 6 that were unmated 
within the area, this represents about 9 percent that 
did not actually nest out of the 218 singing males 
that occurred on the area. Doubtlessly this figure 
will vary for different species, but it shows the po- 
tential degree of error when the population of breed- 
ing pairs is determined from counting only singing 
males. 

In addition to unmated singing males, Tables 12 
and 13 show that a fairly large number of both sexes 
mated and nested for only one of the two breeding 
periods and were, for the most -part, non-breeding 
during the other period. This has been considered 
in the preceding section and by Kendeigh (1941a). 
Furthermore, there were 
about 2 percent of the entire population, that did not 
appear at all during the season, although present in 
former years and nesting again in the area in later 


some birds, comprising 


years. The presence of these non-breeding birds is 
often difficult to note, although an oceasional indi 
vidual may be seen lurking in the underbrush. The 
point is that when one measures the breeding pop 
ulation during only part of the season he does not 
measure the total population that may be present. 
The percentage of non-breeders at any one time in 
the total population doubtlessly varies in different 
species and may often be a substantial amount. This 


TABLE 13. Summary of mating activities and changes 
in population of female house wrens between breeding 
periods each year on a 15-acre country estate. 





Present and mated Brood failures 














Year ; Died | | : | 
First. | Second | during | | 
Both | period | period | first First |Second | Total 
periods | only only | period | period | period |number 

1921 7 1 1 0 1 1 9 
1922... 8 | 0 2 0 2 0 10 
1923... 5 3 4 1 3 | 0 13 
1924 .. 5 2 2 0 5 0 9 
1925.. 5 2 | 1 0 3 1 8 
1926. 1 0 | 4 1 1 | 1 6 
1927... 5 0 3 tis 2 9 
1928 6 0 3 2 | 4 3 | 11 
1929 8 1 2 0 4 fp” a 
1930... 5 6 2 0 8 4 13 
1931... y }'4 2 0 es | f | 9 
1932.... + 3 | 1 2 4 4 10 
1933.....| # | 8 1 0 10 2 13 
1934.... 6 1 1 0 1 2 | 8 
1935. ....]} 6 2 1 0 5 3 | 9 
1936..... 6 1 2 | 0 1 2 9 
1937.... 7 3 3 | 0 2 13 
1938.... G |' Ss 2 0 1 11 
1939... et. 2s... 2 0 3 0 10 

Total..| 103 | 42 | 39 7 63 | 34 191 
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should be kept in mina in evaluating the population 
density of birds during the 
often only nesting pairs and singing males can be 
counted. 


breeding season, as 


Strip Census oF ToraL POPULATIONS 


Literature. The strip over which a census is taken 
may be of a variable width or of a constant width. 
The type of results and the corrections needed in 
the use of strips of variable width depend on the 
conspicuousness of the different species and have 
already been discussed (pp. 73-76). In the use of 
strips of constant width, only birds are counted that 
fall within the boundaries of this strip and constant 
attention must be paid as to just where these bound- 
aries fall. Usually this depends on the judgment, 
experience, and care of the observer. 

Forbes and Gross (1907-1923) appear to have been 
the first to make strip censuses. Two men worked the 
strip together, one to call out the species and num- 
bers, the other to do all the recording. These men 
maintained a distance apart of 90 feet in open coun- 
try, but counted all birds flushed in a strip 150 feet 
wide, including those flying across the strip within 
300 feet in front. 
erally avoided and in orchards, open woods, and 
dense shrubs, the width of the strip was reduced to 
60 feet. Pedometers mechanically recorded the d’s- 
tance covered. As a result of using this method an 
average of one bird per acre was recorded in mid- 
summer in Illinois, giving a total for the state of 


Dense or tall forests were gen- 


30,750,000 native birds and 5,536,000 English 
sparrows. 
Cleland (1918) first used a strip a quarter-mile 


wide and attempted to count all birds, making arbi- 
trary corrections for the less conspicuous smaller 
species. Later (1922), however, he considered strips 
of different width in computing the area censused for 
different species. He found on retracing the same 
route that he obtained similar counts as on the first 
time over. 

Sundstrém (1927), Palmgren (1941), and other 
workers in Finland, Klocker (1936), Granit (1938), 
Kalela (1938), Soveri (1940) often used strip cen- 
suses, with one or oceasionally two persons in a strip 
130 feet (40 meters) wide. They combined this 
method with plot censuses. Palmgren states that the 
strip censuses were more useful during the winter or 
in situations where the birds were not too numerous. 


The question as to the proper width of the strip 
that should be taken to record most effectively all 
kinds of birds is an important one. Breckenridge 


(1935) attempted to work this out in a scientific 
manner by traversing repeatedly over a square mile 
of mixed but mostly open wet habitats and record- 
ing the approximate distance at right angles to the 
line of travel at which each bird flushed. As a result 
of this study he used a strip 196 feet wide for com- 
puting the minimum density of birds on his area. 
Saunders (1936) gives a figure for the total pop- 
ulation of all species on 16,967 acres of varied forest 
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and second growth communities in Allegany State 
Park, New York. The population in each type of 
community was obtained from strip counts. He ex- 
plains that his strip, 175 double paces long by 50 
double paces on each side, equalled 10 acres. This 
is possible if his double pace was 5 feet long and 
the width of his strip 500 feet. In the experience of 
most other census-takers reported in the literature, 
this is too wide a strip for accurate results in for- 
ested areas. 

In England, Lack & Venables (1937) made strip 
censuses of varying width in heath and dune both in 
winter and in summer for comparison of abundance. 
Winterbottom (1938) used a strip only 60 feet wide 
in his bird census in Rhodesian woodlands. In Ohio, 
Dambach and Good (1940) worked strips together 
with one man recording. In open fields, the width 
of the strips varied up to 150 feet depending on 
terrain, density of vegetation, and territorial aggres- 
siveness of the birds. In woodlots the observers were 
75 feet apart. Stops were made at 100 or 150 foot 
intervals to record singing males. 

Reelfoot Lake, Tennessee. During late March or 
April each spring for the last several years a field 
trip has been conducted from the University of Tlli- 
nois to the region of Reelfoot Lake in western Ten- 
nessee. The principle objective has been the study 
of the suecession of biotic communities from open 
water to the climax. One phase of this study con- 
cerns the analysis of the bird population in each 
community both as to species composition and as to 
size. It is not our present purpose to discuss the 
species composition of each community but rather 
to give estimates as to the size of the total bird 
population. 

Because of the nature of the trip, the fact that only 
one visit could be made to each community each 
year, and because the available time spent in each 
was limited, the strip census method was employed 
to determine the composition and size of the bird 
populations. In censusing open water the total size 
of the area was estimated visually. A pedometer to 
measure distance was regularly used but was not 
very accurate because of the observer’s frequent 
change of pace and stops. 

For forest communities the census was considered 
to cover a strip 150 feet wide. This width is too 
wide for aceurate counting of some species and is 
not wide enough for others, but represents a reason- 
able average for all species. No attempt was there- 
fore made to compute abundance of each species 
separately but only the total individuals of both 
sexes of all species. No attempt was likewise made 
to count only the individuals that oceurred within 
the limits of this strip. The work was done with a 
small class of students desirous of seeing and _ ree- 
ognizing as many birds as possible. In the case of 
the cypress swamp that was censused, the route lay 
along or just within the forest-edge with plowed 
fields on the outside. The strip censused here was 
considered to be only 100 feet in width. Other modi- 
fications or corrections were made as conditions de- 
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manded. Obviously the population densities obtained 
were approximate only, but they demonstrate changes 
from community to community. Table 14 is a sum- 
mary of these censuses for the five years, 1937 to 
1941 inclusive. The communities are named after 
their principle plant dominants, except for the open 
water. 

TABLE 14. Size of bird populations in various com 
munities at Reelfoot Lake, 1937-1941 inclusive. 





Population per 100 acres 
(40 hectares) 





Number |—— | —_——-— 
Name of of Aver- Mini- Maxi- 
Community species | age mum mum 
Open water, 

Mississippi River. . . 4 6 3 10 
Open water, 

Reelfoot Lake..... 7 350 40 930 
Open water, a slough. 6 280 140 430 
W illow-cottonwood- 

sycamore......... 21 410 220 6.0 
Cypress Swamp. ... 29 640 2¢0 10 0 
Hackberry-gum..... 32 380 2.0 6:0 
Gum-oak-hickory.... 24 450 270 8.0 
See ee 19 280 £0 450 


During some years the woods were full of tran- 
sients on their way northward. Protected lakes and 
sloughs which had more abundant and obtainable food 
supply had more water birds than did the Mississippi 
river. At times large numbers of ducks, double- 
crested cormorants, American egrets, and great blue 
herons occurred in such places. The largest bird 
populations were found in the four forest stages 
from willow-cottonwood-syeamore to and including 
the gum-oak-hickory. Probably the differences be- 
tween them in numbers of birds are not significant. 
The extra large number of birds in the cypress 
swamp may be due to their concentration along the 
forest-edge, which was the part censused, and so is 
not directly comparable with the other forest com- 
munities where the forest interior was the main por- 
tion studied. The low population in the climax 
beech community, that occurred on the upland bluffs 
and hills farthest from the lake, is significant as this 
difference was evident in every year of observation. 
Changes in the minimum and maximum populations 
observed during this period support the statements 
based on the average population. There were also 
changes from year to year in the size of the pop- 
ulation in each community, but these will not be 
discussed. 


Census oF TotTaL POPULATIONS IN 
SAMPLE PLots 


Size of sample plot. The size of the area taken 
as a sample of a community has varied with each 
worker and with cireumstances. Jones (1898) ob- 
tained a winter census over 1.75 square miles in a 
village, Burns (1901) covered one square mile of 
varied country habitats dur’ng the breeding season 
Saunders (1914) made a definite contribution by 
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making separate censuses in ecological communities 
of different character. Waters (1916) gives a census 
for a 40-acre farm, and the censuses obtained by the 
Cookes (1915, 1916, 1923, 1927) cover portions or 
entire farms of varied habitats. They recommend 
an area of 40 to 80 acres for censusing farmland, 
10 to 20 aeres for woodland, and 40 acres for por- 
tions of continuous forest. Nice (1927) censused a 
narrow strip of woods along a stream about one-half 
mile long and involving 40 acres. Tuovinsen (1936) 
covered 64 acres of spruce, pine, and birch woods. 
In mixed deciduous and evergreen forests Schier- 
mann (1930) found 60 aeres too large and so used 
quadrats, which he marked out with string, of only 
15 acres, but he placed considerable emphasis upon 
the actual locating of nests as the basis for his cen- 
sus. Zimmerman (1932) obtained counts of birds 
over 10 years in a 54-acre marsh. Shaver (1933) 
made a detailed study of influence of weather factors 
on numbers of birds in a section of stream valley 
although he does not state the size of the area. Lack 


(1935) with the help of cooperators censused 1,700, 


acres of heath and grass. Hicks (1935) covered 80 
acres of stream valley woods, locating nests and ter- 
ritories. Willams (1936) found an area of 65 acres 
of deciduous forest about the maximum size he could 
census accurately in a day. Van Deventer (1936) 
gives the winter population per square mile on the 
basis of 1,700 acres of abandoned farmland, forest, 
and swamp, although he surveyed only about 40 
acres on each trip. Saunders (1938) had the help 
of students and reports censuses in four types of 
forests totaling 225 acres. Chapman (1939) covered 
125 aeres of farmland in England for both winter 
and summer bird populations, but he had the help 
of a line of several observers in the winter as they 
systematically the entire area. Turbott 
(1940) censused 75 acres during 10 days of the 
breeding season by walking back and forth and re- 
peatedly localizing individuals on their territories. 
Kendeigh (1941) reports the breeding population on 
50 aeres of prairie. <A larger area could have been 
covered as effectively if it had been available. Breed- 
ing bird censuses of the Audubon Magazine cover 


covered 


areas from less than 3 acres to over 250 aeres in size., 


There have been censuses of all birds, terrestrial as 
well as marine, on small islands of various sizes 
(Murphy 1925, Wynne-Edwards & Harrison 1932, 


Harrison & Lack 1934, Southern 1938, Bergman 
1939, Nicholson & Fisher 1940, Lack 1942, Vogt 
1942). 


The very high densities of nesting population re- 
ported by Grosvenor (1916) and Whitaker (1916) 
were due to their taking only one acre of optimum 
habitat around the house on country estates. Doubt- 
less many if not all the birds that they ineluded in 
their censuses regularly covered a much larger area. 
The same criticism applies to Pitelka’s (1942) report 
of the birds nesting on 7.5 acres which he ealeulates 
at 2,300 birds per 100 acres. Sample plots must be 
large enough to inelude all the activities of all the 
species involved except possibly the larger predators. 
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The best size of the sample area to use for a de- 
tailed and careful census varies with the method to 
be employed, type of community or habitat, number of 
observers, abundance of the birds, and available area 
of uniform habitat. From the experience of many 
observers it appears that about 50 acres of forest and 
perhaps 75 acres of open fields or prairie is about 
the best size on which one person can efficiently 
count the breeding birds in a day’s time. For win- 
tering birds larger areas may be used. 

As yet there has been little attempt at censusing 
during the migration periods. This would be con- 
siderably easier for song birds in the spring than in 
the autumn. Censuses during migration periods give 
merely the number of birds present at any one time. 
It would be very interesting and worthwhile, however, 
to estimate the total number of birds that pass 
through an area in migration. This would involve 
determination of how long individuals of various 
species stop over on their journey. Nichols (1921) 
made such estimates for migrating shorebirds, and 
Hawkins & Bellrose (1939) have begun such de- 
terminations for migrating waterfowl that use the 
Illinois River in the autumn. 

Nest counts. Mention has already been made that 
Sehiermann (1930, 1934) based his censuses of forest 
birds in large part on the actual location of nests in 
small sample plots of 15 acres each. Hicks (1935) 
found the nests of 76 percent of the pairs that he 
records for an 80-aere stream valley. Beecher (1942) 
made an intensive study of 482 acres of marsh and 
upland based largely on location of nests. In his 
year of most intensive effort, 1937, over 85 percent 
of the nests of the breeding birds were actually found 
and plotted on a map. The approximate location of 
the remaining nests was obtained by repeated map- 
ping of singing males. He counted only first brood 
nests in computing population densities. 

In open country, as grassland, the use of a long 
rope is very helpful in finding nests. The rope 
should be as long as ean be comfortably handled by 
one person at each end (100-150 ft.) and pulled 
transversely back and forth across the field. The 
rope should be heavy enough to drag over the top 
of the grass in a long shallow loop between the two 
persons at the ends. It is helpful to have additional 
persons walk behind the rope, spaced at equal dis- 
tances, in order that all birds will be flushed from 
their nests and be quickly spotted. When a bird is 
flushed, the rope should be immediately dropped and 
eareful search be made around the place where the 
bird rose. The use of ropes in this manner is widely 
known (Lack 1935). In a study of the birds in a 
prairie community in northwest Iowa, Kendeigh 
(1941) found it very efficient in locating nests of 
incubating pheasants, bobolinks, and western meadow- 
larks but had no success with it for grasshopper 
sparrows, although the birds were repeatedly flushed. 

At the Baldwin Bird Research Laboratory, sys- 
tematic search was made each year for nests of all 
species on the 15 acres immediately around the lab- 
oratory. This is a country estate, a man-made forest- 
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edge type of habitat, containing a maple grove with 1929. Nests of the English sparrow were destroyed 
dense undergrowth, shrubs of many cultivated vari- as soon as located. 

eties, shade trees of many sorts, lawns, gardens, 
orchards, and buildings. A surplus of boxes were 
always available of sizes suitable for house wren, 
bluebird, English sparrow, starling, and other species. 
Never were all the boxes utilized at one time. With 
ample and varied nest-sites, cover, food, and some 
protection from predatory enemies, the nesting pop- 
ulation was unusually high, averaging about 96 pairs 
during the years 1934 to 1939 inclusive. At least 
twice each year, sometimes three times, a systematic 
search was made by two to five observers through all 
the shrubbery and into all the lower trees on the 
area. This search was always a thorough one and it 
is doubtful if many nests were missed except pos- 


Although there seems to be some agreement  be- 
tween several species in time of occurrence of large 
and small number of nests, this agreement is not 
close and is of uncertain significance. No correla- 
tions were found with variations in temperature, 
rainfall, or sunshine during the breeding season. 
Probably in analyzing causes for fluctuations in size 
of populations, each species should be considered in- 
dependently and for all seasons of the year as was 
done for the house wren (pp. ???-???). No two 
species are identical in their toleration of extremes 
in environmental conditions, in the time that they are 
exposed to such conditions, in their migratory move- 
ments, in their wintering range, in their resistance 


. sibly in the higher trees of the maple grove. to disease, ete. 
Offhand it might seem that finding nests is a posi- Before such analysis can be seriously undertaken, 
tive and accurate method of censusing bird popula- one should ascertain how broadly the sample area 
tions. This is not always true. Many species in this represents the response of the species as a whole. 
| area had two or more broods per year for which they This was done for the house wren (Kendeigh & 
either built separate nests or re-used the old one. Baldwin 1937) for an area of about one and one-half 
, Other species had only one brood. Some nests were — square miles in the vicinity of these 15 acres of con- 


built and abandoned without being used. Others  ¢entrated study, and for the year 1926 and 1940 the 


were used but then abandoned when the eggs or evidence was good that similar low populations oe- 
t young were disturbed, and then another one was  ¢yrred widely throughout the eastern half of the 
1 built for a second attempt. An effort was made to breeding range of the species. For the other species 
) allow for all these various factors in using number  jisted in Table 15, a similar check was attempted by 
e of nests for computing the number of nesting pairs, comparing yearly variations in number of nests in this 
) but there was always some human equation involved region during the years 1925 to 1933, inclusive, with 
i in the final figures. Then for some species, like the  yariations in number of nesting birds given by Hicks 
s ruby-throated hummingbird or those species nesting in (1935) for an area only about one hundred selon to 
t high trees, the nest count was not accurate. This the south. These figures are not repeated here, as 
d method is not practicable in forest habitats, as at- the variations in population of no species in the two 
f tempts to use it in such areas quickly demonstrated. areas showed any consistent correlation. If we 
)- Too few nests of known breeding birds can actually assume that the census in each area was done with 
d be located, and those that are found are usually by equal eare and accuracy, then the only conclusion 


accident or after an undue expenditure of time. seems to be that most yearly fluctuations were due to 


g Table 15 gives the number of nests found each variations in local conditions. No attempt is made to 
e year for the more common species. A study of this analyze at this time what particular local conditions 
Vv 


: table shows that most species started with relatively were effective. Very probably there is not sufficient 



























































d low numbers of nests in 1925, and low numbers again imformation available to do so for most species. 

5 oceurred in 1930-31 and in 1939. Nests were most Counting singing males and mapping territories. 

iP numerous around 1927 and again in 1934 or 1935. Cooke (1927), who followed the same methods ree- 

The starling first appeared as a breeding bird in ommended in early years by the U. S. Biological Sur- 

a 

a TABLE 15. Number of nests per year on a 15-acre country estate. 

m 

is | | | 

2 Species 1925 | 1926 | 1927 | 1928 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 
aan eee Se _———} —____—} ——— |__| _—__ Se Se ae 

he Mourning Dove................ 8 | 8] 8] 4] 5] 2] O|] 1] 4] 7] 8] 6] 5] Oo] 1 

ly NS hbk nan sce ve aen nak 3 1 1 2 P) 2) 2) Ste) eel eh ee es 

. ee 8 | 6/ 9/11] 11 | 13] 9 | 0] 13) 8] 9] 9] 13] 11 | 10 

ase 8 | 16 | 24 | 14 | 24 | 16 | 13 | 11 | 14] 16] 10} 9 | 8 |] 8] 9 

Bt A ete e- 31 | 36 | 48 | 36 | 35 | 32 | 35 | 51 | 53 | 56 | 56 | 32 | 23 | 24 | 30 

of IN ofan grax colon acto 3 2 ‘ 4 6 3 2 2 5 | 2 ‘a a 1 4 3 

w- Ee eee 0 0 0 0 1 2 6 1 3 8 10 11 8 4 2 

yer English Sparrow.............. 5?| 18 15 3?| 8 8 3 4 11 16 | 31 | 30 | 20 | 19 18 
Chipping Sparrow............. c | | el Be ee | ee 9 7 9 | 14 | 12 | 14 | 16 | 12 7 

ad. Song Sparrow................ 7 3 18 11 5 | 4 18 15 18 | 28 10 8 6 6 7 

vs- ‘ Miscellaneous Species.......... 14 | 10 | 21 | 13 6) 15 | 18 | 13 | 12 | 24 | 2% | 12 | 21 | 14] 13 

all era ee ey: | oa 

st Ah ee 94/117 | 166 | 110 | 112 | 109 | 115 | 117 | 144 | 181 | 177 | 135 | 123 | 105 | 102 

st- : ' 
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bird 


vey, describes “a convenient way of taking a 
census is to count the singing males very early in the 
morning. At this time every male bird is usually in 
full song near the nest site; and after migration is 
over, each one may safely be considered to represent 
a breeding pair.” This method has also been adopted 
by the Finnish ornithologists, Sundstrom, Palmgren, 
and others. 
There have 
singing males as representing nesting pairs in that 
a sizeable percentage, 9 percent in the house wren, 
may be unmated; that males after they acquire a 
mate and start nesting often reduce their singing or 
stop altogether; and the amount and intensity of 
singing varies between species. In spite of these ob- 
jections the recording of singing males is essential 
in any method of censusing, although such data 
should be supplemented with other information. Often 
it is impossible or very difficult to make certain 
whether a male bird, singing but unmated at 
time, actually remains unmated throughout the breed- 


been serious criticisms of counting 


one 


ing season, so it is usually justifiable to let all sing- 
ing males represent at least potential breeding pairs. 
This may be a reasonably reliable index of possible 
carrying capacity even if a few males never do mate 
(Kalela 1938). 

In making a 
course, to visit all 
should be done in the morning as there is generally 
and conspicuousness of birds 
during the middle of the day. In explaining his 
method, Palmgren in 1929 stated he traversed his 
forested areas in parallel lines 50 meters (162 ft.) 
apart. The writer has found this the maximum dis- 
tance that can ordinarily be used efficiently. Consid- 
erable time is saved when a line of observers ean 
simultaneously move through an area, provided care 
is taken that the same bird is not counted by more 
than one observer. 

The use of maps in making bird censuses is very 
desirable. Jones used such a map to record location 
of birds in his winter census of 1898 and they have 
been employed by several recent observers (Lack & 
Venables 1937, Saunders 1938, Chapman 1939, 
Beecher 1942). Williams (1936) developed through 
the use of maps a good method of censusing by the 
approximate delimitation of territories. He had a 
series of mimeographed maps of his area with trails 
and other guide signs incorporated. On each weekly 
visit he took a new map and marked each bird seen. 
At the end of the season he made a composite map 
for each individual species, showing the location of 
all individuals seen on all trips. These locations fell 
in groups indicating territories, so he could readily 
count the number of pairs with some accuracy. For 
some species he was able to verify h’s census by 
finding nests the following winter on the territories 
he had marked out. This method does not distin- 
gu'sh unmated birds nor all changes in adults or ter- 
ritories when second broods are raised. Oceasiona! 
records of isolated individuals may be disregarded, 
as they may be intruders from elsewhere or birds tem- 


census of a plot it is necessary, of 


portions, and preferably this 


a decrease in activity 
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porarily away from their territories. It has the advan- 
tages of being relatively quickly conducted, although 
it requires repeated visits to the area. Also it allows 
the territories to be identified by the presence of 
either males or females and their verification by loca- 
tion of nests. Unless a large number of trips are 
made the true size and boundaries of the territories 
may not be determined with great accuracy, but this 
is not the main purpose of the method. This method 
has been followed by Kendeigh (1941) and in the 
present paper (Figures 3, 4). 

Frequency of surveys. The frequeney with which 
a plot should be surveyed for a breeding bird census 
must be considered. Cooke (1927) recommends that 
the area should be surveyed at least twice during the 
height of the nesting season, more often if possible. 
Recommendation that the census not be taken until 
after June 1 is at fault, as Nauman (1926) indicates, 
because some birds are through nesting by that 
time. In his census of farmland throughout the year, 
Wild (1935) surveyed the area on 56 visits. Palm- 
gren (1930) carefully investigated the number of 
trips required for a complete census. He took peri- 
odie trips to the same area, and to compute the total 
population of birds present he totaled the maximum 
number of each species recorded on any single trip 
regardless of the trip on which it was obtained. Thus 
he found that one survey through an area ordinarily 
listed only about 62 percent of the total population 
eventually found to be present, two times over the 
area increased the count to 80 percent, three times 
to 91 percent, and four times to 96 percent. He 
has such confidence in these figures for his region 
that he has reported populations based on a single 
survey with the figures corrected accordingly (1931). 

At the Edmund Niles Huyck Preserve, Rensselaer- 
ville, New York, the writer had an opportunity dur- 
ing the summer of 1942 to check the correction 
factors used by Palmgren. A census of the breeding 
population in a 21-acre hemlock-beech forest was 
made by repeated and systematic cruising over the 
entire area during the height of the breeding season. 
A half day was spent for each count as all birds 
were spotted on a map of the area, territories were 
mapped, and. behavior observed. This is explained 
to emphasize that considerable care was taken to get 
accurate totals, and methods were used in addition to 
simple cruising or strip counting to which Palmgren 
confined himself. Counting the largest number of 
individuals of each species recorded on any trip, it 
will be noted (Table 16) that with each successive 
trip a larger number of birds was recorded, although 
the percentage of increase gradually declined. Suffi- 
cient observations were taken on other days than 
those indicated so that the total population as given 
was verified by repeatedly finding the birds on their 
mapped territories and there was little chance of 
duplieat‘on or inelusion of transient individuals. 
Compared with Palmgren’s figures, one more survey 
was required to obtain approximately the same per- 
eentage of the ultimate total population, that is, five 
trips instead of four were required to get 96 percent 
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TABLE 16. Results of repeated bird counts (number 
of potential pairs) on 21 acres of hemlock-beech forest 
in New York State. 





June|June|June June|June| June! Total 


Species 6 | 10 | 13 | 18 | 23 | 26 
Oven-bird............... 6 6 8 | 10 | 10 | 10 10 
Black-throated Green 

PN clo hs ave 9 | 6 6 7 5 5 rs 
Magnolia Warbler...... = aie 5 5 5 5 5 
Blackburnian Warbler. . 3 4 4 4 4 4 4 
Canada Warbler....... 1 2 2 2 3 3 3 
Hermit Thrush........ 2 ] 3 0 0 0 3 


Black-throated Blue 


ee 1 1 1 2 2 z 2 
Black and White 

EINE 5 os eee o.| 81 6 1 2) © 2 
Black-capped Chickadee) 0 | O 1 1 1 Z 2 
Hairy Woodpecker. 1 0 0 0 0 0 1 
Pileated Woodpecker. . 1} @ 1 0; 0; O 1 
0 ee er ee 1 1 1 0 1 0 1 
ee ne 1 1 0 1 0 1 
Searlet Tanager....... 0 1 1 1 1 0 1 
White-breasted 

Nuthatch...:<........ 0 0 0 1 1 0 1 
Red-eyed Vireo........ 0 0 0 0 1 ] 1 
Weueyv... 5... Ree ied: 0; 8; 010) 0 1 1 
Le eee 0; 0] 0 Bie 0 1 
Ruffed Grouse......... 0| 0 1 1 0 0 i 
Great Horned Owl. ... 01 08} @] | Oo 1 
Progressive total.......| 24 | 31 | 37 | 45 | 47 | 49 49 
Percentage of ultimate 

Rs Ree 49 | 63 | 76 | 92 | 96 |100 | 100 


of the total population. A few 
pleted their nesting at the time the first census was 
taken. 

As the result of these studies, it would seem de- 
sirable in getting total numbers of all species during 
the breeding season in middle latitudes of North 
America to take one count in late April, at least one 
in middle or late May, two or three in June, and at 
least one toward the middle of July. It is reeom- 
mended that five complete counts be considered a 
minimum and these be well spaced through the nest- 
ing season. 


species had com- 


Bird censuses at all seasons have 
been conducted for a number of vears in Trelease 
Woods at the University of Illinois near Urbana, 
Illinois, by Dr. V. E. Shelford, who initiated the 
work, the writer, Dr. H. H. Shoemaker, and graduate 
students, viz., Dr. S. A. Hyde, Dr. A. C. Twomey, 
R. G. Lindeborg, Dr. Sarah Jones, J. Murray Speirs, 
H. C. Seibert, Verna Johnston, Dr. T. W. Roberts, 
and Dr. C. T. Black. Of these, Dr. Hyde, Dr. Black, 
Dr. Twomey, and Miss Johnston have manuscripts 
which will, when published, give further information 
on the bird populations for particular years. Data 
for the winter of 1924-25 comes from Blake (1926). 

These yearly censuses have concentrated on getting 
the wintering and the breeding populations, although 
some effort has been given to getting populations dur- 


Trelease Woods. 
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ing the migrating season as well. To facilitate this 
eensus over the 55 acres, the woods in 1939 were 
marked out into squares by permanent stakes set 50 
meters (162 ft.) apart in each direction. The stakes 
rise 3 ft. above the ground, are painted yellow, a wide 
yellow ring is painted on the nearest tree at a some- 
what greater height, and each stake is numbered. 
Mimeographed maps have been prepared showing the 
numbered stakes so that the location of any bird, 
nest, or other object may be quickly and accurately 
plotted (Figures 3, 4). The loeation of all birds 
were mapped as the observer followed along each 
line of stakes and totals for each species determined 
at the end of each day when the maps of the different 
observers who participated were combined into one. 
Mapping the location of each bird helped to prevent 
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Fic. 3. Composite census map for the indigo bunting 
in 1942 showing how points where birds were observed 
on successive dates aggregate into distinct groups, indi- 
cating the identity of particular adults on their terri- 
tories. This is primarily a forest-edge species although 
five pairs cecurred in the forest-interior. 


duplication of counts during the winter and permitted 
outlines of territories during the summer. To get 
the breeding bird census the method worked out by 
Williams, described above, was used. Two trained 
observers required 3-4 hours to complete a survey 








92 S. CHARLES KENDEIGH 


during the breeding season and about two hours dur- 
ing the winter. 
for this work. 


Morning proved by far the best time 
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Fig. 4. Composite census map for the house wren in 
1942 showing how points where birds were observed on 
successive dates aggregate into distinct groups, indi- 
cating the identity of particular adults on their terri- 
tories. Note the uniform dispersal of the species through 
the forest-interior with no relation to the forest-edge. 

Table 17 gives the data on the breeding population 
of these 55 acres. The table includes forest-edge as 
well as forest-interior birds. The forest-edge of low 
trees and shrubs is narrow except in the northeast 
corner. The observer usually went entirely around 
the area at the beginning of his survey, looking into 
the forest and counting the birds as seen on the out- 
side of this forest-edge, then he transversed back and 
forth lengthwise through the interior of the forest. 
The censuses were not as carefully nor as accurately 
done some years as others and this is indicated in 
the table. Although the censuses go back to 1927, 
several years were omitted. 

The following additional species were represented 
by one or two pairs, but too infrequently to include 
in the table: sparrow hawk, 1937; blue jay, 1927, 
1928, 1943; white-breasted nuthatch, 1934, 1936; 
Carolina wren, 1934, 1943; robin, 1927, 1936; blue- 
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gray gnateatcher, 1928; oven-bird, 1937, 1943; Ken- 
tucky warbler, 1928; redstart, 1928; towhee, 1934, 
1935. 

In general, there has been an increase in the abun- 
dance of breeding birds in this area during the last 
15 years. The area was purchased by the University 
of Illinois in 1917-1918 and has been allowed to re- 
turn to an undisturbed condition. Previous to that 
time there had been some rather heavy grazing by 
domestic stock in the woods and some trees had been 
removed, but it had never been completely cut over. 
It is possible that the better development of the 
shrub stratum, young trees, and forest-edge, may be 
responsible for this increase in birds as well as the 
leaving of dead trees and limbs, with their offering 
of nest-sites, for hole-nesting species. The red-eyed 
vireo and crested flycatcher have been perceptibly 
more abundant during the last three years as com- 
pared with the first six, but the increase in the size 
of the total population is due in large part to the 
invasion of starlings and house wrens. Starlings first 
appeared in the vicinity in the winter of 1921-22 
(Smith 1922) but did not invade this woods until 
several years later. Only a single pair of house wrens 
was recorded in the woods during 1927. In 1934 and 
1935 they were present only during the second breed- 
ing period from late June through July. Beginning 
in 1937, however, this species has increased in num- 
bers to such an extent that it challenges the indigo 
bunting as the most abundant species in the com- 
munity. There is some evidence, on the other hand, 
that the red-headed woodpecker, cardinal, and per- 
haps the wood thrush have decreased in numbers in 
recent years. 

Table 18 furnishes data on number of individuals 
wintering in Trelease Woods. No species is included 
that was not present well through January, the cold- 
est month of the year. This excludes some late mi- 
grants that lingered into December and early migrants 
that arrived in February. The table also excludes 
species seen on only an oceasional trip during any 
winter. Some species occurred throughout the win- 
ter for only one, two, or three years, and these are 
here lumped together as “irregular species.” These 
species include rough-legged hawk (1927-28), red- 
breasted nuthateh (1941-42), Carolina wren (1928- 
29, 1942-43), purple finch (1926-27, 1927-28), com- 
mon redpoll (1924-25, 1933-34), goldfinech (1927-28, 
1929-30), and fox sparrow (1927-28, 1928-29, 1929- 
30). 

Since the wintering population is less stable than 
the breeding population, on account of migratory 
and local movements, the arrival at a figure for the 
number of individuals of the species presents some 
difficulties. Data are included in the table only for 
the months of December, January, and February. 
When the population of a species varied considerably 
and irregularly during this three-month period, a 
simple average of numbers seen on all trips was 
used. With most species, however, the numbers re- 
corded on successive trips varied around a medium 
as follows: 5, 6, 4, 6, 6, 6, 5, 7, 4, 5, 5, 8, 6, 6, 5, 14. 
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TABLE 17. 
whether they 


Number of pairs of breeding birds, Trelease Woods, Urbana, Illinois (55 acres), with indication 
belonged primarily to the forest-edge (E) or forest-interior (1). 


























Forest! Re hoc cage ot | 1927 | 1928 | 1934 | 1935 | 1936 | 1937 | 1939 | 1940 | 1941 | 1942 | 1943 | Aver- 
‘ niche | | | | age 
Rating of data......| Fair | Fair | Good | Good | Fair | Fair | Poor | Fair | Good | Good | Good | 
E | Cooper Hawk... ......0.. | 1 1 0 1 0 | Oo 0 0 | 1 a. 0.6 
E | Mourning Dove............ | 4 1 0 2 2 0 0 oe; .9 o | 8 0.6 
I Yellow-billed Cuckoo.......| 1 3 1 2 2 1 0 0 : | & | 2s 
Ul eee | 1 1 1 1 1 1 1 0 | O 0 | 0 | 0.6 
E | Ruby-throated Hummingbird| 1 1 1 1 1 1 1 ry § 1 | 1 1.0 
| | } 
TB i atcarsacs | 1 0 1 1 2 1} 1 0 0 1 | 1 | 0.8 
I | Red-bellied Woodpecker.....| 1 1 0 0 1 0]; 1 1 |] 1 0 | 1 | 0.6 
E | Red-headed Woodpecker....| 1 0 4 2 3 5 | 1 i | © ei ti 
I Hairy Woodpecker.........| 1 2 1 1 1 eo | 1 rs 4 1 1 | £8 
I Downy Woodpecker........ | 2 3 5 4 2 4 1 4 5 5 6 3.7 
| | | 
I | Crested Flyeatcher......... | 4 4 5 4| 5] 5 | eis S| £1 
I Wood Pewee.............. | 3 rf 3 4 7, te) & 8 10 a is 6.1 
Pe 2 4 2 5 | 2/1 6 2 ‘Sie wes. 
I Tufted Titmouse........... 2 5 5 4; 6 4 | 3 3} 2 2 | me 3.5 
I | House Wren............... 1 0 3 4/] 8 14 - | 10 | 2 | 31 | 40 | 13.1 
| | | | 
| 
fs eee 2 0 1 1; 1] 0] 0 0 | 0 0 0 | 0.5 
E | Brown Thrasher............ 0 0 1 Fr) 2); @;} 8s 0; 0} 0 | 0.3 
I | Wood Thrush.............. | 4 3 sf 243 1/} 1] 2 B | 3.3 
a. eee | - - 8 0 | 2 | 16 5 1 of | 2 15: | 12:5 
1 | Red-eyed Vireo... ......... 9 7 8 4/4] 5 = - | 13 | 14 | 10 | 8.2 
| | | 
E | Yellow-throat.............. 0 | O 2 1/ 12] 1] - Si 3 1 2 1.4 
Oo rs | 3 5 3 3 2) Bi | a % Pe 3 2.5 
E | Indigo Bunting............ | 17 9 22 2a |; ai @ - 15 | 2 | 27 27 | 20.3 
B | Geleteeb.................. | -| = 2 - | 0] - -| 4] 1 3 | 4.0 
E | Field Sparrow.............. | 0 0 2 2]; 0] 0 0 0 | O 2 1 | 0.6 
E | Song Sparrow.............. | 0 0 1 1 | eo. | Gy] Ley Sf a 0 0.3 
E | Irregular Species...........} 2 | 5 4 1 | 3 71 @}] €) @y & 3 1.8 
Total (excluding cowbird)... . 60 | 63 | 89 | 84/14 | 92 | - | - | 107 | 125 | 150 | 99.5 
| | 








In this case it appeared that 6 birds indicated the 
resident population. On some trips individuals were 
overlooked. On other trips some individuals may 
have been counted twice, or there may have been a 
temporary influx from the outside. 

In general, there appears to have been no marked 
change in the total size of the wintering population 
during the last 18 years. The downy woodpecker and 
red-bellied woodpecker have increased in abundance 
while the cardinal, as during the breeding season, has 
been present in smaller numbers in recent years. The 
permanent resident species are, in general, some- 
what more abundant in the woods during the winter 
than during the summer. This is particularly the 
case with the flicker, blue jay, and white-breasted 
nuthateh. 

Northern Ohio. During the winters of 1938-39 to 
1941-42, inclusive, members of the Cleveland Bird 
Club made repeated surveys over sample areas from 
December to February. These areas were of known 
size and each represented a special community. At 
the end of the winter the total resident population 
was computed, excluding the wanderers and_ tran- 
sients. Twelve reports for open country, that varied 
from marsh to grassland to a country estate, included 
430 acres for a total of 643 birds. This is a density 
of 150 individuals per 100 acres. Eight reports in 


forest habitats covered 357 acres for a total of 292 
birds. This gives a density of 82 individuals per 
100 acres. 

For wintering bird censuses in the Cleveland re- 
gion, the population densities obtained from sample 
plots is probably too high. For open country habi- 
tats, the size of these sample plots varied from 15 
to 103 acres. For some of the small areas the den- 
sity ran extremely high; for instance, one 15-acre 
marsh contained 92 birds of which 80 were tree spar- 
rows. Very likely this flock of tree sparrows wan- 
dered during the winter over a larger area than 
figured in the census. Likewise, since this plot was 
small there is no guarantee that it was representative 
for this habitat. Another 15-acre area selected at ran- 
dom could conceivably have had no birds. To test 
the importance of size of sample plot censused, seven 
reports for areas from 37 to 103 acres in size were 
averaged separately, and this density proved to be 
only 53 individuals per 100 acres. 

Sample plots of forested areas in the Cleveland 
region varied in size from 26 to 75 acres and aver- 
aged 44 acres. The average size is a little low but 
not excessively so. In any case corrections need to 
be made for species that require larger areas than 
were censused and also for species confined to the 
forest-edge. 
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TABLE 18. 


S. CHARLES KENDEIGH 


Number of birds in wintering population, 
cation whether they belonged primarily to the forest-edge 
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Trelease Woods, Urbana, Illinois (55 


(E) or forest-interior (1). 


acres), with indi- 





Te ar Perairye 1924 1926) 1927 | 1928) 1929 1933) 1934 1935/ 1937/1938) 1939 1940) 1941 1942 Average 
Forest -25 | -27 | -28 | -29 | -30 | -34 | -35 | -36 | -38 | -39 | -40 | -41 | -42 | - 
niche 
Number of censuses....| 18 ? 10 | ? ? 16 | 19] 14] 4 7 6 5 5 5 ae 

E Red- taile d H: cc Aan cce wot tareioat 1 2 2 1 0 2| 2 1 1 1 1 1 1 1 1.2 
E iff. o/s os aa) ol rasta 0 0 0 0 0 0 0 0/ 13 0 3 6 0 0 1.6 
E Weowrnmme Dave... 2... co ce 0 0 0 0 0 0 0; 10 0 6 | 14 0 0 0 | 2.1 
E PIII o'a.5 5.6 cacs wa cetenaes 0 2 2 2 2 0 0 0 0 1 0 0 0 0 0.6 
E | a Oe ee ree 5 4 Z 6 9 2 4 3 5 1 0 2| @ 4.0 
I Red-bellied Woodpecker........... 1 1 2 1 1 0 0 3 3 1 Z 2 3 1.4 
I Hairy Woodpecker............... a1 #2 2 1 1 0 0 2 ] 2 1 2 2 1.3 
I Downy Woodpecker...... 3 2 3 3 3 6 > | 10 + | 7 8 9 | 10 6.2 
E NNN 5 foe ciate, ale a Acar singe 5 2; © 1 0 2 2 2 y. 1 2 Zi 6 ee 
E Crow.... Mae 5 3 | 12 4 2 | 20 0 8 6/10) 18 a 6 ee 
I | Black- capped Chickadee........... 2; 0 1 0 Z| OT; @] OO} @; @| Oi OT] @O 0.3 
ee a ee 8 4 8 1 4; 10] 12) 10} 14 8 3 2 7 | 4 7.5 
I White-breasted Nuthatch.......... 1 1 4 3 0 2 2 4 Z 2 2 0 2 2 1.9 
I Drown Creeper... 2... ccc cece 0 2 rT} 21 Gi @] O01) @ 4 3 2 3 3 2.2 
I | Golden-crowned Kinglet aren ne ans 1 0 2; 0; 0} O;} O|} O| O l Oo; 0; 6| ®@ 0.3 
E oon ORS arene ele eine oa 0 0 0 0 0 0 0 | 20 2 2| I 0 0 0 1.8 
eS re 5 | 16) 2 4 4/10] 10 6 2 2 1 1 3 1 5.5 
E_ | Slate-colored Junco................ 15 | 25 | 20 3 1 | 10 | 10 | 85 0 0 5 0 9 0 13.1 
Te eee 10 | 11 | 47 | 25 | O| 10 ; 20} 50} 25] 10 | 10 | 20 | 24) O 18.7 
ee ee 0 2 3 0 2 0; O 0 0 0 0 0 0 0 0.5 
E | Irregular Species. ee Le eee: | 718 2 5|10!] 0 0 0 0 0 0 1 1 2.9 
ER ns GAs RY oa Se cite ae 66 | 86 141 5d | 36 | 68 | 91 |212 | 84 | 64 | 67 | 63 | 80 | 49 82.9 


Computation of population density. Problems con- 
cerned in computing the density of population can 
best be illustrated by consideration of the censuses 
made in Woods. On the basis of average 
total wintering population each year (83 individuals) 
on the 55 aeres, the density would be 151 per 100 
acres (Table 18). However, when one analyses the 
population by species, he soon realizes that this ex- 
pression of density is not justified. The red-tailed 
hawk used the forest-edge as a and look-out 
and hunted over a large area of adjacent fields. The 
mourning dove was usually in the forest-edge and the 
bob-white always there, and both species more often 
fed and wandered into the fields and fence-rows than 
into the woods-interior. The barred owl was more 
nearly a true forest bird than the hawk vet the owl! 
doubtlessly often hunted elsewhere. The flicker, blue- 
jay, crow, and starling were found throughout the 
woods but they 


Trelease 


roost 


were not confined to it and were 
often seen to fly long distances outside. The ear- 
dinal, junco, tree and song sparrows, and most of 


the irregular species frequented the forest-edge and 
were seldom found in the forest-interior. The juneco 
and tree sparrow sometimes occurred in large flocks 
in the adjacent weedy fields. The other species listed 
in the table are the only forest species in the strict 
sense in that their activities of feeding and roosting 


were largely limited to it. Taking these forest in- 
terior species by themselves, a density of only 39 


individuals per 100 acres is obtained. When lumber- 
ing opens up forest fragments it into small 
patches like this one, the edge effect becomes greatly 


a or 


exaggerated. Birds frequenting the forest-edge are 
really in another community and have developed 
quite different mores. They utilize their 
to the forest for shelter, and some feeding 
and to open fields for the rest of their feeding and 
activities. 

The same situation holds during the breeding  sea- 
son (Table 17). For an exact study during the nest- 
ing period, territories may be mapped and corrections 
made for individuals with territories that extend 
outside the boundaries of the forest proper. For 
instance (Figure 3), of the 27 pairs of indigo bunt- 
ings listed for 1942, only 5 occurred in the forest- 
interior. The rest appeared dependent on the presence 
of the forest-edge. The house wren, although often 
considered a forest-edge species, occurred uniformly 
throughout the area and showed no such dependency 
(Figure 4). Making these corrections the density 
during the breeding season is reduced from 171 pairs 
per 100 acres to 91 pairs per 100 acres. 

During the winter season there were 61 individuals 
present in the forest-edge and during the breeding 
season there were 48 pairs in this habitat. The 
length of the edge around this 55-acre forest is 6,570 
1.25 mile. In order to arrive 
denominator for comparing the abundance of 
forest-edge species, it may be necessary to use length 
rather than breadth. Probably no two species concur 
in the extent that they use either the forest or the 
open fields. At times a forest-edge is quite broad 
and in the form of an open forest or shrubby field. 
In such eases it 1s best to compute density in terms 


easy access 
roosting, 


feet or at some com- 


mon 
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of area, but for narrow edges around fragments of 
forest this must wait until the extent and significance 
of the forest-edge can be studied more intensively. 
Meanwhile it may be desirable for a general standard 
to base comparisons on the unit length of 

kilometer (0.62 mile). Then the density of the bird 
population at Trelease Woods during the breeding 
season may be expressed as 91 pairs per 40 hectares 
(100 acres) of forest plus 24 pairs per kilometer 


one 


(38 pairs per mile) of forest-edge, while in the win- 
ter it is 39 individuals per 40 hectares (100 acres) 
of forest plus 30 individuals per kilometer (49 indi- 
viduals per mile) of forest-edge. If the number of 
pairs during the breeding season is doubled to indi- 
cate individuals, then the density of the summer 
population is found to be 4.7 times greater than in 
the winter in the forest-interior and 1.6 times greater 
on the forest-edge. 

In computing the population density of all species 
of birds over large areas, such as counties, states, or 
even countries special care must be taken that the 
necessary census plots actually present adequate sam- 
ples, in respect to percentage of the total area, num- 
ber of censuses taken, and period of time covered. 
Davis (1942) presents some statistical considerations 
in this respect. Finnish ornthologists (Palmgren 
1930, ete.) have been quite inclined to convert their 
figures obtained from samples into number of birds 
over large districts, although Forbes (1913) long ago 
did the same for the state of Illinois, Cleland (1918) 
on a smaller seale did it for New South Wales in 
Australia, and Saunders (1936) for Allegany State 
Park, New York. James Fisher (1939) facetiously 
even estimates from compiled censuses the total pop- 
ulation of the world at 100 billion birds. 

Either of two procedures may be followed. 
ple plots may be established at uniform intervals 
along lines at uniform distances apart to form a grid 
pattern over the region as a whole. This would tend 
to eliminate the human element in selecting repre- 
sentative sample plots, as all types of communities 
would be sampled in proportion to their frequency 
of occurrence, provided a sufficient number of sam- 
ples were taken. 


Sam- 


The other procedure is to determine the average 
population density in seleeted communities of vari- 
ous types. Then the total population in the region 
ean be computed if the area covered by each of the 
various types of communities is known. 
various difficulties in this procedure. 
munity vary in minor inconspicuous ways 
Which may affect the density of the bird population 
but which often cannot be properly evaluated with- 
out first measuring the bird population. There are 
many varying types of communities as far as vege- 


There are 
Major com- 
types 


tation is concerned which may or may not coincide 
with differences in the population of birds. Finally 
the measurement of the area covered by each com- 
munity is no small undertaking in itself. 

The second procedure is usually the one used be- 
cause there is more scientific interest and intrinsie 
Value in knowing the population density in biotic 
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communities of various types than in knowing the 
actual total population in large districts, which may 
be political units, although this latter knowledge is 
important in the formulation of management policies 
and conservation regulations. If the second proced- 
ure is used the proper designation and delimitation 
of the various types of communities becomes a mat- 
ter of great importance. 

Since there are often marked variations in abun- 
dance of birds from year to year, a census for a 
single season cannot assuredly represent the true 
density and specific composition of birds in any com- 
munity. These variations in abundance from year to 
vear may be eyelic, eruptic, progressive, or irregular 
and off-hand it would seem that at least 10 years 
record would be desirable to fix with some confidence 
the status of each species in a community. There are 
very few such available (J. J. Hickey 
1943). 


Recognition and designation of the community. 


censuses 


In 
recording the satus of birds in any region it is fully 
as important to designate properly the biotic com- 
munities in which they occur as to indicate their 
relative abundance or actual density. A community 
in the ecological sense is a unit organization of plants 
and animals with common characteristics throughout. 
Communities may be of any size, and different types 
of communities are given different ecological classi- 
fication and nomenclature. The recognition, deserip- 
tion, and naming of communities are not easy and 
require proper experience and knowledge of the lit- 
erature (Shelford 1926, Weaver & Clements 1929, 
Clements & Shelford 1939). Cover mapping is, how- 
ever, possible on a simpler basis if the requirements 
of a particular species is all that is concerned (Wight 
1934). 

Communities change as one replaces another until 
the climax is reached which persists indefinitely as 
long as the climate remains the same. Progressive 
community replacement is called succession; for ex- 
ample, pond—marsh—swamp shrub—swamp forest 
climax forest. Suecessions are different as they 
in different habitats or in different climatie 
regions. Since the life-form of a plant varies more 
or less with the species, it is desirable to designate 
each community not just by the general life-form 
or type of the dominant vegetation but also by two 
or three of the most important plant species, viz 
balsam-black ash bog, cattail-sedge marsh, button- 
bush-alder swamp shrub, oak-hard maple deciduous 
forest, pine-hemlock evergreen forest, ete. 

Where two of different plant life- 
forms come into contact and intermingle there is a 
meeting of animal species characteristic of each ecom- 
munity well as additional species that require 
such a combination of two vegetation types before 
they oceur at all. Thus there may be oak-hickory-pine 
forests, beech-hemlock forest, and the forest-edge may 
be designated as a forest-grassland community, or 
better, a forest-grassland ecotone to emphasize its 
transition or complex nature. 





occur 


communities 


as 
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Animal relations must be considered for the recog- 
nition of the complete communities as biotie units. 
For instance, Beecher (1942) bases his study of 
nesting populations of birds principally on secondary 
plant communities (consocies) which are subdivisions 
of larger communities (associes). This is proper for 
analyzing factors controlling nest-site and _nest- 
structure, but many species of birds that he lists 
for particular subdivisions regularly feed, roost, or 
carry on part of their activities in other subdivisions. 
For computing population densities (as distinet from 
nest densities) the entire area or series of secondary 
communities which the birds use must be considered 
as the biotic unit or community. Thus there are 
fewer biotic communities of this rank in a region than 
there are plant communities. Beecher recognized 17 
secondary communities for purpose of studying nest 
distribution. For computing population densities of 
birds probably only four should have been reeog- 
nized, viz., lake and pond marsh, high prairie, oak- 
hickory forest, and Even with this 
simplification, certain species as the red-winged 
blackbird, extend their activities into two or more 
communities and their densities should be computed 
on the basis of still larger units. 


forest-edge. 


When the unit study is the community, there should 
be as complete as possible description of the eom- 
munity concerned: area of forest-interior; length of 
forest-edge; density, size, life-form, and uniformity 
of distribution of the plant dominants; extent of 
undergrowth; amount of disturbance from original 
primitive condition; principal animal constituents; 
climatie factors, ete. 

Separate lists and discussion should be given for 
each different community. This should be a major 
point of concern. The report on bird censuses eon- 
ducted by the United States Biological Survey, 1916 
to 1920 (Cooke 1923), is of considerably lower value 
because birds found in several kinds of communities 
are grouped together in the same list. The breeding 
bird censuses now being conducted by the Audubon 
Magazine are a considerable improvement although 
the forest-edge population is not always separated 
from that of the forest-interior. 


This paper will not attempt to summarize the re- 
sults of all population studies to date. Lack made 
a preliminary compilation of population data from 
the world’s literature in 1937. Audubon Magazine 
usually makes a compilation each year of the data 
that they have accumulated for different major types 
of communities. The files of the Fish and Wildlife 
Service probably contain much unpublished informa- 
tion. The bibliography of this paper, while primarily 
concerned with methods of measuring bird popula- 
tions, will nevertheless provide a good lead to the 
literature on data accumulated from such measure- 
ments. In order to analyze how compilations from 
various sources may be conducted and some of the 
problems involved, data on the constitution and den- 
sity of the bird population in the deciduous forest 
of eastern North America will be brought together. 
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The deeid- 
uous forest biome varies regionally so that its climax 
may be communities dominated by oak-hickory, oak- 
chestnut, beech-hard maple, or mixed mesophytie, 
depending on the climate (Pitelka 1941, Braun 1942), 
In the oak-chestnut community, chestnut has recently 
almost disappeared on account of a blight, so that the 
present forests are dominated by various species of 
oaks, tulip trees, ete. This present compilation is 
intended to show the kinds and densities of breeding 
birds in the mature climax forest as little disturbed 
as possible from original primitive conditions. No 
entirely virgin areas remain, and the only usable 
data, according to our standards, that have been 
found in the literature come from the breeding-bird 
censuses of the Audubon Magazine (Hickey 1942). 

All censuses dealing with deciduous forests have 
been analyzed and a number immediately eliminated 
for various reasons: they clearly dealt with succes- 
sional communities rather than the climax, the forest 
was immature in its development after having pre- 
viously been cut-over, the forest was being grazed, 
the forest was an open woodlot, the data on nesting 


Birds of the climax deciduous forest. 


was incomplete. 

The censuses that survived this elimination process 
were next analyzed as to the degree that they in- 
eluded true forest birds or were infiltrated with 
forest-edge species. Species known to confine all 
their activities to the forest, viz., territory, nesting, 
feeding, roosting, ete., are listed in Table 20 and 
these were well represented in most reports. Forest- 
edge species that may nest in the woods but also 
require grassy or shrubby fields, open forests, or 
other external habitats for their complete activity 
varied greatly from one report to another and in- 


cluded the following species: wood duck, Cooper 
hawk, red-shouldered hawk, ring-necked pheasant, 


mourning dove, black-billed cuckoo, ruby-throated 
hummingbird, belted kingfisher, flicker, red-headed 
woodpecker, phoebe, alder flyeatcher, least flycatcher, 
rough-winged swallow, crow, house wren, catbird, 
brown thrasher, robin, bluebird, starling, white-eyed 
vireo, warbling vireo, blue-winged warbler, yellow 
warbler, chestnut-sided warbler, yellow-throat, Balti- 
more oriole, cardinal, rose-breasted grosbeak, indigo 
bunting, purple finch, goldfinch, towhee, vesper spar- 
row, chipping sparrow, field sparrow, and song 
sparrow. The cowbird was mentioned in nearly all 
reports, but seldom were figures determined on num- 
her present so this species has been omitted from 
the compilation. Perhaps the elimination of some 
of the above species seems arbitrary. The presence 
of the house wren throughout the 55-acre forest near 
Urbana, Illinois, has already been noted (Table 17). 
Towhees and cardinals, although usually forest-edge 
species, may sometimes occur through a forest where 
openings or thickets have been naturally made by 
trees being blown over or by other disturbance. 
However, such openings are “wounds” in the com- 
munity structure, and since they oceur to such a 
varying extent in different sample plots, it seems 
best to eliminate them altogether. 
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No census reported was without at least a few 
forest-edge species, because all plots bordered on 
open areas. In order to determine the influence of 
their presence on the density of the forest-interior 
birds Table 19 was worked out. Here the various 
censuses are arranged according to the percentage 
of the total population that was made up of forest- 
edge birds. This varied from only 4 percent to as 
much as 84 percent. It will be noted at once that 
the density of forest-interior birds fluctuated at ran- 
dom around 200 pairs per 100 aeres in the first 
eight reports where the forest-edge birds did not 
exceed 38 percent of the total population, but at 
pereentages above this mark the density of forest- 
interior birds decreased rapidly. One of the two 
areas with 38 percent forest-edge birds had a low 
density of forest-interior birds. Although the other 
area, No. 6, is ineluded in the final summary (Table 
20), because the density of forest-interior species is 
about average, one may say that a census is very 
likely not to show the true density of forest-interior 
birds if forest-edge birds constitute more than one- 
third of the total population. These latter reports 
are not thus included in the compilation. 

TABLE 19. Relation of relative density of forest-edge 
birds to density of forest-interior birds. 





Number pairs 


Per cent forest-interior 


Area! Size forest-edge birds per 100 
in birds of total acres 

acres population (40 hectares) 
ee ie 50 4 218 
RENE 65 6 192 
Ge See dics: 5d 8 194 
fe os ere 30 9 288 
Wicd execs. 24 15 208 
Rae 35 20 256 
: eek 20 22 265 
anaes 14 38 195 
Cleveland, O...... 26 38 103 
Ithaca, N. Y...... 25 41 170 
Derby, O............ 35 41 65 
Tulsa, Okla....... 34 42 96 
Milwaukee, Wis... 13 44 63 
Urbana, IIl.2.... 5d 66 61 
Columbus, O...... 27 84 60 


1For location and description of numbered areas see pages 97-98. 

*The data for Trelease Woods are here recalculated with the house 
wren and indigo bunting being included with the forest-edge species. 

Although large areas of forests tend to have lower 
percentage of forest-edge species, size is not the 
only factor involved. Doubtlessly the amount of 
exposure to open country around the edge is impor- 
tant. The Urbana, Illinois, area (Trelease Woods), 
although the second largest censused, is bordered on 
all four sides by open farmland so that the infiltra- 
tion of forest-edge species, like the house wren and 
indigo bunting, is more highly developed than in 
other areas of smaller size. On the other hand, areas 
2 and 6, although small, are good samples as they 
have small edge exposure to open country. 

_The explanation for the reduction in forest-interior 
birds when greater numbers of forest-edge birds are 
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present is one of interest and requires further study. 
There could be actual competition, either directly or 
indirectly, between these two groups for territory 
and a share of the carrying capacity of the forest 
or the larger percentage of forest-edge species may 
simply indicate that the community or habitat is no 
longer a true forest one and is changed in various 
ways that are less favorable for forest birds. 

Eight areas were finally selected to combine into 
a composite picture of the avian population in the 
mature deciduous forest climax community (Table 
20). The average population of each area is given 
when censuses cover more than one year. Description 
of these areas follows: Area 1 is near Shephardstown, 
West Virginia, and the single year’s census was 
taken by S. K. Dandridge. Oaks of several species 
were dominant in the forest but there were also hick- 
ory, white and Virginia pine. There had been no 
cutting or grazing in the area for the last 60 years 
and the forest-edge was mostly limited to one corner. 

Area 2 is located near Pamplin, Va., and a census 
for one year was obtained by Morton Marshall, Jr. 
This is an upland forest in which oaks and tulip 
trees dominate. The forest crown is somewhat open 
and a dirt road runs through the center of the area. 
The plot is surrounded on three sides by forest and 
on one side by farmland. 

Area 3 lies near Yonkers, N. Y., and censuses over 
5 years were obtained by J. J. Hickey and J. L. 
Bull, Jr. The forest is one of mixed hardwoods, and 
5 aeres were burned over in 1925 and 1933. There 
is a pienie area of one acre and a little over a mile 
of edge exposed to a reservoir, an orchard, a pasture, 
and shrubby growth. 

Area 4 is one with oak-hickory forest alternating 
on the ridges and ravines with beech-maple forest. 
There is good undergrowth and the one year census 
was taken by Harold E. Wallin. The area is located 
near Cleveland, Ohio. 

Area 5, near Youngstown, Ohio, is a wet lowland 
forest dominated by beech and sugar maple. The 
forest is ungrazed, with no open places, and only 
0.4 mile exposed edge. Censuses have been taken 
over three years by E. O. Mellinger. 

Area 6 lies near Wellington, Ohio, and is flat with 
a stream crossing it. It has an edge exposed. to 
shrubby and swampy fields. Beech and sugar maple 
dominate. Censuses have been taken over 4 vears 
by Belle L. Clisby. 

Area 7, near Cleveland, Ohio, has been censused 
over 3 years by Vera Carrothers and Margaret E. 
Morse. It is a beech-maple forest, with open spaces 
due to eutting, other woods on one side, fields on two 
sides, and a highway with woods beyond on the 
fourth side. 

Area 8 is an upland beech-maple forest with some 
hemlock along one edge. Black-throated green war- 
blers found assoec‘ated with these evergreens are here 
omitted from the census. Only one corner of the 
area is exposed to a grassy field and there is con- 
tinuous forest in the other directions. A. B. Wil- 
liams has censused this area for the last 10 years. 
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TABLE 20. 
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Breeding birds (number of pairs) in mature relatively 


Ecological Monographs 
Vol. 14, No.1 


undisturbed climax deciduous forest. 














Po ee . 2 3. 4. 5. 6. (2 8. 
| Oak- | | Number 
| Hickory | per 100 
‘Tyee of ferett......6505..--:| Oak Oak- Oak- | with Total | acres 
Tulip | Maple- | Beech- | Beech- | Beech- | Beech- | Beech- (40 
Beech | Maple | Maple | Maple | Maple | Maple | hectares) 
| | North- | East- | North- | North- | North- | 
jo re ear renee West | | New ern ern | ern ern ern 
Virginia | Virginia} York Ohio Ohio Ohio Ohio | Ohio 
| = 
Years’ record.............. 1 | sf 3 4 | 38 10 | | 
Number of acres........... 24 20 35 50 55 14 30 65 | 293 | 
Ruffed Grouse............. 0 0 0 1.0 0 0 0.3 0.2 | 4 | @5 
Co, NO ee 0 0 C2 | 6 0 0 |} 0.3 0 | 0.5 0.2 
Yellow-billed Cuckoo. ...... 1.0 2.0 0 0 0.3 0 0 0.2 3.5 | 1.2 
Great Horned Owl.......... 0 0 0 0 1.0 0.5 0 0 15 | 0.5 
Lo | eee 1.0 1.0 0 | O 1.0 0 0.7 10 | 47 | 8 
Saw-whet Owl..............] 0 0 0 | @ 0.3 0 0 0 0.3 0.1 
Whip-poor-will............. 1.0 3.0 0 0 0 0 0 0 4.0 1.4 
Pileated Woodpecker. ...... 0 1.0 | O 0 0.7 0 0 0.1 1.8 0.6 
Red-bellied Woodpecker... . 0 0 | 0 0 1.3 1.0 0 0.2 2.5 0.9 
Hairy Woodpecker......... 0 Le | 6.2 1.0 i 0 ace 2.5 Si | 28 
Downy Woodpecker........ 0 10 | 20 | 2:0 ay | 2.2 3.3 3.1 16.3 | 5.6 
Crested Flycatcher......... 9.0 10 | 2.2 | 2.0 3.0 1.8 LZ 1.6 22.3 | 7.6 
Acadian Flycatcher......... 0 0 | 0O 2.0 to4 1.5 3.0 5.1 19.3 | 6.6 
A eee 4.0 10 | 6.8 7.0 8.7 3.0 3.7 6.2 34.4 | 11.7 
[ee 0 1.0 0.2 0 2.3 0.5 0.3 0.4 4.7 1.6 
Black-capped Chicadee.... . 0 0 | 0.4 | 4.0 1.0 0 5.0 3.1) 18.5 | 6.3 
Carolina Chickadee... ...... 3.0 20; 0 | Oo 0 0 0 | of 
Tufted Titmouse........... 2.0 2.0 0 | 5.0 7.0 3.5 3.0 5.7 28.2 | 9.6 
White-breasted Nuthatch. ... 1.0 2.0 1.0 | 2.0 a4 1.8 4:7 3.2 15.4 5.3 
Carolina Wren............. 1.0 0 0 | 0 0 0 | O 0.1 11 | O.4 
Wood Thrush.............. 5.0 5.0 | 0.2 | 8.0 6.3 10 | 6.7 | 14.0 | 46.2 | 15.8 
NS OE ee edie kw oa 0 0 9.6 | O 0 0 3.0 0 12.6 4.3 
Blue-gray Gnatcatcher...... 0 1.0 0 | O 0.3 0.8 0 0 ZL | OF 
Yellow-throated Vireo....... 0 0 2.8 | 7.0 Ron 1.2 1.3 | 2.4 16.4 | 5.6 
Red-eyed Vireo............| 11.0 1.0 | 16.0 | 13.0 m6 | 2.2 | 23 25.1 102.6 35.0 
Black and White Warbler. . . 0 2.0 3.0 0 0 0 0 0 5.0 ee 
Worm-eating Warbler....... 20 |; © 9.0 0 0 0 0 0 11.0 3.8 
Cerulean Warbler.......... 0 | 0 | O 10.0 8.0 4.2 a3 | £2 23.7 | §&.1 
i | See 6.0 7.0 | 18.6 27.0 19.3 1.8 16.3 16.4 112.4 | 38.4 
Louisiana Water-thrush..... 1.0 0 | ©@ 26 | 0 1.0 0.3 1.9 6.2 | 23 
Kentucky Warbler.......... 0 0 0.4 | 0 0 0 0 0 0.4 0.1 
Hooded Warbler........... 0 5.0 3.2 | 2.0 0 0.5 4.7 12.9 28.3 9.7 
Oe eee 0 2.0 | 21.0 11.0 10.7 0.8 12.0 12.3 69.8 23.8 
Scarlet Tanager............ 2.0 0 0.4 3.0 6.0 1.0 L.@ 6.1\ | 22.2 | Fs 
Summer Tanager........... 0 2.0 0 0 0 0 0 GQ j 
PUI Sc rawr 50.0 53.0 | 90.2 | 109.0 | 106.7 27.3 86.3 | 124.9 | 647.4 | 
Number per 100 acres.......| 208.0 265.0 256.0 218.0 194.0 195.0 288.0 192.0 221.0 221.0 








There has been no recent eutting or grazing here, 
although there are foot and horse trails and a trail- 
side museum within the boundaries of the area 
censused. 

A study of Table 20 shows considerable similarity 
between the various censuses, and so they need not 
be discussed individually. Elton (1935) found sim- 
ilar agreement in the species composition of wood- 
land birds in different types of forest in Europe. 
In general the constitution of the bird population is 
conspicuous for its 4 species of Picidae, 3 species of 
Tyrannidae, 3 Paridae, 2 Turdidae, 2 Vireonidae, 8 
Compsothlypidae, 2 Thraupidae, and the entire lack 
of Fringillidae. In descending order of abundance 
the leading 7 species rank as follows: oven-bird, 
red-eyed vireo, redstart, wood thrush, wood pewee, 








three 
species of owls are indicated here to be represented 


hooded warbler, and tufted titmouse. The 
by a little more than two pairs per 100 acres. Prob- 
ably this is high as several individual reports indi- 
cated that the owls often went outside the limits of 
the census area for feeding purposes. Probably one 
pair per 100 acres would more clearly represent 
their usual density. The total population of all spe- 
cies may be taken as 220 pairs per 100 acres, which 
is equal to 2.2 pairs per acre and 5.5 pairs per hee- 
tare. Variation between the total population on the 
eight areas is relatively small, the extremes being 
192 and 288 per 100 acres. The standard deviation 
is + 35, and the coefficient of variation equals 16 
pereent. There would be considerable interest in 


making similar compilations for other major ecolog- 
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MEASUREMENT OF 


ical communities, but at the present time there is a 
dearth of suitable data. 


DISCUSSION 


In the progress of ornithological research, espe- 
cially in respect to field studies, various steps or 
stages may be recognized. First came exploration, 
with the identification, description, and naming of 
species and their races. Although not complete, for 
North America north of Mexico it is relatively far 
advanced. The next step was the working out of 
distributional ranges at all seasons of the year. This 
also is fairly well known for most species in North 
America. The third step in this progress is the de- 
termination of the abundance of each species in all 
parts of its range. Much work has been done on 
this problem in a general way but the study needs 
to be placed on a more exact quantitative basis. It 
is with this aspect that the present paper is most 
concerned. More or less coinciding with this devel- 
opment is the next stage wherein each species is 
designated to its proper ecological community or 
communities with a measurement of its abundance 
in each community. A fifth stage may be added 
which involves analysis of faetors controlling the 
species’ occurrence within particular local communi- 
ties as well as factors controlling its geographic 
distribution. This involves physiological and morph- 
ological research as well as detailed behavior and 
life-history studies. 

The value of a more exact determination of the 
abundance of birds is obvious. For some purposes 
it is sufficient to know only the abundance of dif- 
ferent species in relation to one another or of the 
same species under different conditions. For other 
purposes it is desirable to know the absolute popula- 
tion of each species as accurately as possible. This 
is important in wildlife management for making in- 
ventories of game animals, testing the effeet of vari- 
ous Management processes, and regulating the harvest 
by sportsmen. Measurement of actual populations 
is required in ecological studies dealing with the rela- 
tions of various species within the community. For 
example, in working out food-chains, it is not suffi- 
cient to know the relative abundance of the various 
species of birds amongst themselves. One needs in- 
formation on the actual number of birds to compare 
with the actual size of the population of mammals, 
insects, and other invertebrates upon which they prey 
or are preyed upon and with the volume of foliage 
or seeds upon which they ultimately depend. For 
these reasons, population studies should be put upon 
an absolute quantitative basis wherever possible. 
Probably studies of the abundance of birds on the 
relative basis will eventually have to be done over, 
because such studies have only a limited applieation 
to problems that are coming to be more and more 
important. 


Measurement of the size of animal populations is 
a full-time job and should be treated as a worthy 
end in itself. Doubtlessly the reason the abundance 
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of birds has been and is now often expressed only 
in relative terms is that the determination of abun- 
dance has been incidental to other objectives and the 
observer has not considered it worthwhile or at least 
has not taken the time to obtain the additional in- 
formation necessary. 

In any large seale investigation of animal popula- 
tions or where the results are to be subject to various 
statistical manipulations, a trained statistician should 
be consulted before the project is begun. Often there 
is a waste of time and effort or the investigation 
must be repeated or the results are not fully usable 
because certain variables were overlooked which a 
statistician, brought into consultation when the under- 
taking was being planned, could have pointed out. 
This point received some emphasis in a symposium 
on animal populations held jointly by the American 
Statistical Association and the Ecological Society of 
America in Chicago on December 26, 1940. 

It is very unfortunate that lists of birds seen by 
amateurs and professionals alike on trips designed 
to record as many species as possible are so difficult 
of statistical manipulation. These lists should be a 
mine of information on bird populations as there 
must be thousands of such lists available for all parts 
of the world. How their utilization may be effected 
still needs to be solved. 

Certain field workers have expressed the philos- 
ophy that only approximate accuracy needs to be 
attained in population studies of this sort, as_per- 
fect accuracy is not required to produce valuable re- 
sults nor is it worth the time and energy involved. 
The trouble with this is that the degree of accuracy 
will vary widely in studies performed by different 
individuals, by the same individual at different times, 
or when applied to different groups of animals. 
Therefore the results of such studies are not com- 
parable with any degree of confidence. Far better 
it seems to strive for the ultimate degree of accuracy 
with the development of the best practicable meth- 
ods, and if this ultimate accuracy cannot be attained, 
then measure the amount of error involved. This 
will permit reliable comparisons of different censuses 
and will stimulate further improvements in method. 


SUMMARY AND CONCLUSIONS 


1. Following an early concentration on explora- 
tion and taxonomy in this country measurement of 
bird populations began to be undertaken in earnest 
at the beginning of the present century. This meas- 
urement received added impetus and importance with 
the development of the modern program of wildlife 
management beginning about 1930. There is consid- 
erable interest in measuring bird populations in the 
British Commonwealth, in Finland, Germany, Russia, 
and to a lesser extent in Franee. 

2. Abundance of birds may be measured in rela- 
tive terms or as actual populations. Although deter- 
mination of relative abundance is sufficient for some 
purposes, it is more limited in its use and application 
than determination of actual populations, and the use 
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and improvement of true census methods is eneour- 
aged. 

3. Relative abundance has been commonly meas- 
ured as percentage of days or trips on which the 
species was recorded, number of individuals observed 
per trip or per unit of time (hour) or per unit of 
distance (mile), or by a combination of these meth- 
ods. 
unless 


All these methods have serious imperfections 
corrections made for difference in 
spicuousness of the various species and for 
relative amount of observations 
communities (habitats). 


are con- 
the 
made in different 
4. The use of several of these methods is illustrated 
with data from northern Ohio (Tables 1-8). Differ- 
ences in the conspicuousness of various species were 
measured by the average distance at which their pres- 
ence was first observed (Table 9). The relative 
abundance of 22 species in northern Ohio during 
the winter months is presented (Table 10) after cor- 
recting for their differences in conspicuousness and 
community occurrence. These methods were found 
more applicable during the wintering than during 
the breeding season. 
bob-white in Ohio in 


5. Data on the number of 


early winter for the period, 1908 to 1942 inclusive 
(Fig. 1), suggest yearly fluctuations of a rhythmical 


nature with high populations having been attained in 
1911 or 1912, 1923 or 1924, and 1935, and low pop- 
ulations in 1909 (?), 1915, 1928 or 1929, and 1940. 

6. Analysis of the breeding population curve for 
the house wren for the period, 1915 to 1940 inelusive, 
shows marked low points about 1917, in 1926, and in 
1940 (Fig. 2). Superimposed on these major flue- 
tuations is a possible 3-4-year variation. Major flue- 
tuations in size of the population are correlated with 
temperature variations during the wintering season 
above and below a critical temperature of 56 F. 
(13° C.). Immature birds appear 
and responsive to environmental changes than birds 
of two vears age or older. 


more sensitive 


7. In species with more than one brood per year, 
there may be additions or substractions to the pop- 
ulation between breeding periods that are difficult to 
detect unless the birds are individually identified by 
banding or marking. Such changes shovld be con- 
sidered in computing population densities. In the 
house wren they amount to 23 pereent of the total 
population. In considering population densities, one 
should keep in mind that in addition to the breeding 
birds, there may be a substantial non-breeding pop- 
ulation that is difficult to measure. 


8. In the house wren, about 9 percent of the sing- 
ing males do not secure mates for nesting at any 
. . ~ . 
time during the season. 


9. With the use of the strip census method in 
the vicinity of Reelfoot Lake in western Tennessee, 
populations of birds during the spring migration 
period was found to vary from 6 per 100 acres (40 
hectares) on open water in the Mississippi River to 
390-640 per 100 acres in mid-seral forest eommuni- 
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ties, and back to 280 per 100 acres in the climax 
beech forest. 

10. In censusing total breeding populations of all 
species, sample plots of 50 aeres (20 heetares) for 
forest communities and 75 acres (30 hectares) for 
open fields or grasslands are recommended as con- 
venient for one person to cover efficiently in a day. 
Large areas may be covered successfully for winter- 
ing populations. Basing population densities upon 
the finding of nests alone is inadequate, especially in 
forest communities, and the most successful praeti- 
sable method so far developed is the approximate 
mapping of territories as they become established 
throughout the season. For accurate figures on total 
populations during the breeding season, five complete 
surveys are desirable and these should be distributed 
from April to July, inclusive. 

11. The number of nests that occurred yearly on 
a 15-acre (6 heetares) country estate in northern 
Ohio is given for the period, 1925 to 1939 inelusive, 
for 10 species (Table 15). Fluctuations in number 
of nests from year to year appeared for most species 
to have only a loeal significance. 

12. The breeding population in a 55-acre (22 hee- 
tares) oak-maple woods in central Illinois is given for 
11 years between 1927 and 1943 (Table 17). During 
this period the red-eyed vireo and crested flycatcher 
increased in abundanee, the starling and house wren 
invaded the area in large numbers, while the red- 
headed woodpecker, cardinal, and wood thrush de- 
creased. Censuses in the same area for 14 winters 
beginning in 1924-25 show that the downy and red- 
bellied woodpeckers increased in abundance, the star- 
ling invaded the area, the eardinal decreased, while 
the other species remained fairly constant (Table 
18). 

13. Computation of population densities require 
separation of forest-edge birds from forest-interior 
ones. The density of forest-interior species may be 
greatly reduced during the breeding season when the 
percentage of forest-edge species equals more than 
one-third of the total population. 
expressed as number of birds (non-breeding  sea- 
son) or potential pairs (breeding season) per 40 
hectares (100 aeres). When the forest-edge is nar- 
row or of uncertain width, density may be expressed 
as number per kilometer (0.62 mile). 


Density is best 


14. Bird censuses should be restricted to single 
biotic communities. These communities may be ree- 
ognized and designated primarily by the vegetation 
type or life-form of the dominant plants and seeond- 
arily by the dominant plant species. The community 
to be complete should inelude the entire area covered 
by the activities of the animals concerned. 

15. An analysis is made of the species composi- 
tion and average number of individuals of each spe- 
cies making up the avian population in mature, 
relatively undisturbed, climax forests of the deciduous 
forest biome (Table 20). The total population of 
forest-interior species amounts to 220 pairs per 100 
aeres (40 hectares). 
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APPENDIX 1. SCIENTIFIC NAMES OF BIRDS 
MENTIONED IN THE TEXT 


Great-crested grebe, Podiceps cristatus 
Fulmar, Fulmarus glacialis 

Gannet, Moris bassana 

Double-crested cormorant, Phalacrocorax auritus 
Great blue heron, Ardea herodias 
American egret, Casmerodius albus 

White stork, Ciconia ciconia 

Canada goose, Branta canadensis 

Black brant, Branta nigricans 

Black duck, Anas rubripes 

Wood duck, Aix sponsa 

Ring-necked duck, Nyroca collaris 

Lesser scaup duck, Nyroca affinis 
American merganser, Mergus merganser 
Red-breasted merganser, Mergus serrator 
Turkey vulture, Cathartes aura 

Black vulture, Coragyps atratus 

Cooper hawk, Accipiter cooperi 

Red-tailed hawk, Buteo borealis 
Red-shouldered hawk, Buteo lineatus 
Rough-legged hawk, Buteo lagopus 
Sparrow hawk, Falco sparverius 

Ruffed grouse, Bonasa wmbellus 

Prairie chicken, Tympanuchus cupido 
European partridge, Perdix perdix 
Bob-white, Colinus virginianus 

Valley quail, Lophortyx californica 
Ring-necked pheasant, Phasianus colchicus 
Lapwing, Vanellus vanellus 

Woodcock, Philohela minor 

Great Black-backed gull, Larus marinus 
Herring gull, Larus argentatus 

Ring-billed gull, Larus delawarensis 
Black-headed gull, Larus ridibundus 
Bonaparte gull, Larus philadelphia 
Mourning dove, Zenaidura macroura 
Yellow-billed cuckoo, Coccyzus americanus 
Black-billed cuckoo, Coccyzus erythropthalmus 
Screech owl, Otus asio 

Great horned owl, Bubo virginianus 
Barred owl, Strix varia 

Short-eared owl, Asio fammeus 

Saw-whet owl, Cryptoglaux acadica 
Whip-poor-will, Antrostomus vociferus 
Ruby-throated hummingbird, Archilochus colubris 
Belted kingfisher, Megaceryle alcyon 
Flicker, Colaptes auratus 

Piliated woodpecker, Ceophloeus pileatus 
Red-bellied woodpecker, Centurus carolinus 
Red-headed woodpecker, Melanerpes erythrocephalus 
Hairy woodpecker, Dryobates villosus 
Downy woodpecker, Dryobates pubescens 
Crested flycatcher, Myiarchus crinitus 
Phoebe, Sayornis phoebe 
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Acadian flycatcher, Empidonax virescens 
Alder flycatcher, Empidonar trailli 

Least flycatcher, Empidonax minimus 
Wood pewee, Myiochanes virens 

Horned lark, Otocoris alpestris 

Bank swallow, Riparia riparia 
Rough-winged swallow, Stelgidopteryx ruficollis 
Blue jay, Cyanocitta cristata 

Crow, Corvus brachyrhynchos 

Rook, Corvus frugilegus 

Jackdaw, Corvus monedula 

Black-capped chickadee, Penthestes atricapillus 
Carolina chickadee, Penthestes carolinensis 
Tufted titmouse, Baeolophus bicolor 
White-breasted nuthatch, Sitta carolinensis 
Red-breasted nuthatch, Sitta canadensis 
Brown creeper, Certhia familiaris 
European dipper, Cinclus cinclus 

House wren, Troglodytes aedon 

Carolina wren, Thryothorus ludovicianus 
Catbird, Dumetella carolinensis 

Brown thrasher, Torostoma rufum 

Robin, Turdus migratorius 

Wood thrush, Hylocichla mustelina 

Hermit thrush, Hylocichla guttata 

Veery, Hylocichla fuscescens 

Bluebird, Sialia sialis 

Nightingale, Luscinia megarhyncha 
Blue-gray gnateatcher, Polioptila caerulea 
Willow warbler, Phylloscopus trochilus 
Chiff-chaff, Phylloscopus collybita 
Golden-crowned kinglet, Regulus satrapa 
Cedar waxwing, Bombycilla cedrorum 
Starling, Sturnus vulgaris 

White-eyed vireo, Vireo griseus 
Yellow-throated vireo, Vireo flavifrons 
Red-eyed vireo, Vireo olivaceus 

Warbling vireo, Vireo gilvus 

Black and white warbler, Mniotilta varia 
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Worm-eating warbler, Helmitheros vermivorus 

Blue-winged warbler, Vermivora pinus 

Yellow warbler, Dendroica aestiva 

Magnolia warbler, Dendroica magnolia 

Black-throated blue warbler, Dendroica caerulescens 

Black-throated green warbler, Dendroica virens 

Cerulean warbler, Dendroica cerulea 

Blackburnian warbler, Dendroica fusca 

Chestnut-sided warbler, Dendroica pensylvanica 

Oven-bird, Seiurus aurocapillus 

Louisiana water-thrush, Seiurus motacilla 

Kentucky warbler, Oporornis formosus 

Yellow-throat, Geothlypis trichas 

Hooded warbler, Wilsonia citrina 

Canada warbler, Wilsonia canadensis 

Redstart, Setophaga ruticilla 

English sparrow, Passer domesticus 

Bobolink, Dolichonyx oryzivorus 

Western meadowlark, Sturnella neglecta 

Red-winged blackbird, Agelaius phoeniceus 

Baltimore oriole, Jcterus galbula 

Cowbird, Molothrus ater 

Scarlet tanager, Piranga erythromelas 

Summer tanager, Piranga rubra 

Cardinal, Richmondena cardinalis 

Rose-breasted grosbeak, Hedymeles ludovicianus 

Indigo bunting, Passerina cyanea 

Purple finch, Carpodacus purpureus 

Common redpoll, Acanthis linaria 

Goldfinch, Spinus tristis 

Towhee, Pipilo erythrophthalmus 

Grasshopper sparrow, Ammodramus savannarum 

Vesper sparrow, Pooecetes gramineus 

Slate-colored juneo, Junco hyemalis 

Tree sparrow, Spizella arborea 

Chipping sparrow, Spizella passerina 

Field sparrow, Spizella pusilla 

Fox sparrow, Passerella iliaca 

Song sparrow, Melospiza melodia 
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IMPORTANT SPECIES OF THE MAJOR FORAGE TYPES IN 
COLORADO AND WYOMING 


INTRODUCTION 


In order to organize studies and plan the use of 
range land effectively, it is common practice to base 
observations of the plant cover on only the most 
important species present. This selectivity is desir- 
able and essential since critical analysis of the entire 
plant population is ordinarily impossible or, at least, 
impracticable. 

The principle of selectivity of important species 
in reference to studies of range forage is illustrated 
by the work of many investigators. In preparing 
guides for determination of forage utilization in 
Montana, for example, Lommasson & Jensen (1938) 
used 16 important grasses. In a similar study on 
southwestern ranges, Crafts (1938) selected 11 spe- 
cies of grasses, chosen in order of their importance. 

Most phenological investigations have also been 
limited to a relatively small number of species. 
Sampson & Malmsten (1926) in testing the effects of 
cropping vegetation at different stages of growth, 
limited their clipping to three grasses and two weeds 
and listed stages of development indicating range 
readiness for only the important forage species. Cos- 
tello & Price (1939) in recording the results of a 
10-vear study of plant development in Utah confined 
their discussion principally to 13 important forage 
species. Craddock & Forsling (1938) in their study 
of spring-fall sheep range in Tdaho listed prevalent 
forage species but presented detailed observations of 
the growth stages of only one grass, as being indiea- 
tive of the influence of climate on grazing periods. 
Moreover, determinations of chemical composition of 
herbage and other technical studies have usually been 
restricted to selected plants of wide distribution and 
importance because of the amount of forage they 
produce (McCreary 1931, Gordon & Sampson 1939, 
Stoddart 1941). 

In respect to the selection of important plants in 
planning actual range administration, numerous ex- 
amples can be cited such as the use of indicator 
plants in judging range conditions and trends. Tal- 
bot (1937) lists both palatable plants and inferior but 
numerous plants as indicators of range conditions in 
the Southwest and cites specifie examples of grasses 
and weeds which can be used as guides in recogniz- 
ing range conditions. In a range handbook for Cali- 
fornia by the U. S. Forest Service (1939a) the 
important species to be used in judging range condi- 
tions are listed, while in a handbook by the U. S. 
Forest Service (1939) for the Intermountain region 
species are designated upon which management and 
utilization should be based. 

Estimation of actual forage utilization is always 
based on selected species (Stoddart 1935, Pechanee 
& Pickford 1937: Canfield 1939) ; and, similarly, in 


making rough estimates of grazing capacity, only a 
few of the most important plants are considered. 

Entirely aside from applied range management 
but closely related is the use of selected plants for 
ecological observations. In this field it is generally 
accepted that important plants, particularly the domi- 
nants, deserve concentrated study since they markedly 
reflect the impress of climate (Clements 1935) and 
react strongly to forces of the habitat 
1939). 

Therefore, as this combined evidence indicates, it 
is essential or, at least, highly desirable in dealing 
with vegetation as forage to select the important 
species and concentrate observations and conclusions 
quite generally on these plants. As an aid in this 
selection for the plant types of a single region, this 
paper has been prepared. 

The data presented are based on numerous recent 
forage inventories and range surveys in Colorado and 
Wyoming where more than 2,000 plant species were 
encountered and recorded. From these data and 
accompanying observations the following information 
for each major forage type has been compiled: (1) 
the most important plants; (2) the frequency of oe- 
currence and relative amount of forage produced by 
these plants; and (3) a brief statement of the values 
of these plants in developing range management 
plans. This information is of immediate use to range 
administrators and should be of great value to ecol- 
ogists and range research workers in planning future 
work in this area. 


(Sampson 


SOURCE AND NATURE OF DATA 


Through the use of the square-foot density method 
of sampling vegetation (Stewart & Hutchings, 1936), 
data from 82,460 sample plots have been assembled 
by the Rocky Mountain Forest and Range Experi- 
ment Station from forage inventories, cooperative 
surveys,” and research projects. These data were 
obtained for every major range type in Colorado and 
Wyoming. More than 4C,000 of the total number of 
plots were sampled by experiment station personnel. 
The accumulation of data from all sources has ex- 
tended over the period, 1937 to 1942 inclusive. Many 
areas which were affected by the great drought of 
1934 have been re-examined since 1940 in order to 
avoid presentation of a picture of the vegetation as 
affected by unusual weather conditions. 

Species were listed by range types and their den- 
sities recorded on Form 764b of the Interagency 
Range Survey Committee Instructions (1937) or on 

2 Agencies participating in cooperative surveys were the For- 
est Service, Resettlement Administration, and Soil Conservation 
Service of the U. S. Department of Agriculture; the Division 
of Grazing of the U. S. Department of Interior; Colorado State 


College of Agriculture and Mechanic Arts; and the University 
of Wyoming. 
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similar forms. Plot data were supplemented by type 
descriptions and by notes on range conditions, forage 
utilization, season of use, class of livestock, and man- 
agement practices. Notes were taken on the follow- 
ing items for important species: plant parts eaten; 
estimated percentage of each plant eaten; reaction to 
grazing; distribution in type; general vigor; repro- 
duction; abundance in type; and special character- 
isties, including poisonous properties and spines or 
injurious devices. 


METHODS USED IN SELECTING IMPORTANT 
SPECIES 


GROUPING OF Data? 


The data were grouped by broad divisions of range 
land in Colorado and Wyoming, varying as to topog- 
raphy, climatie conditions, and grazing practices. The 
divisions recognized were the Great Plains, the semi- 
desert, and the mountain region (Fig. 1). 

The data from individual plots and accompanying 
notes and comments were then grouped by range 
types within each of these broad categories. Not 
less than 1,000 sample plots were used in computing 
the species frequeney of any type. The types were 
based on the standard classification (Interagency 
Range Survey Committee, 1937) excepting in those 
instanees where subdivision appeared to be desirable. 
The following types and subtypes were encountered 
in the survey: 

Type designation* 
Plains area 


Name of type 


1-8 Plains short-grass 
2-D Dry meadow 
4 Sagebrush 
4-S Sand sagebrush 
18 Weed 
Mountain area 
1-A Alpine and sub-alpine grassland 
1-M Mountain park 
2-W Wet meadow 
4 Sagebrush 
5 Browse-shrub 
6-L Lodgepole pine 
6-P Ponderosa pine-Douglas fir 
6-S Spruce-fir 
9 Pinon-juniper 
10 Aspen 
Semi-desert area 
+ Sagebrush 
13 Saltbush 7 
14 Greasewood 


Forage types are designated according to aspect 
or physiognomy. Admittedly the classification of 
vegetation into types on the basis of general appear- 
ance—grassland types, shrub types, and forest types 
—results in an artificial grouping for which an equiv- 
alent ecological terminology in many instances is not 
available. However, detailed investigation of the 
communities within each of these physiognomie units 

3 Assistance of W.P.A. 
data is acknowledged. 


4 Type symbols follow in general the designations used in the 
“Instructions for Range Surveys.” 


Projects 4294 and 5063 in compiling 
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will be necessary before a natural or phylogenetic 
system of classification ean be achieved that is ae- 
ceptable to range technicians and ecologists alike. 
The ecological rank of some of the types discussed 
in the following pages is reasonably clear, partie- 
ularly those which are the equivalent of plant 
associations. The rank of others, when considered 
individually and loeally, may be nothing more than 
societies or Their proper place can be 
assigned only when their relation to the climax has 
been ascertained in terms of development. 


associes. 


The plains short-grass type, for example, is the 
equivalent of the mixed prairie of Clements & Shel- 
ford (1939), or more specifically the “omnipresent 
disclimax, the so-called short-grass plains” which it 
eontains. The lack of agreement among ecologists on 
a designation for this community is indicated by the 
fact that more than 20 names have been assigned to 
it (Carpenter 1940, p. 645). The sand sagebrush 
type in eastern Colorado is the equivalent of the sand 
sage community of Ramaley (1939) and is nearly 
synonymous with the sand-hills mixed association of 
Shantz (1911). Considerable diversity in naming of 
plant communities is apparent when the classifica- 
tion of vegetation belts of the Rocky Mountain region 
by various workers including Merriam (1892), Ram- 
aley (1927), Shreve (1915), Clements (1920), Tide- 
strom (1925) and others are compared. However, 
the recognition of types such as the spruce-fir asso- 
ciation, the ponderosa pine-Douglas fir association, 
and the pinon-juniper association is made easy by 
their visibility. The aspen, lodgepole pine, and sage- 
brush types are developmental associations which are 
regarded by some workers as disclimaxes (Clements 
& Clements 1941). The weed types of the plains 
area are stages of the subsere which, without undue 
disturbance, will eventually blend into the climax. 

The perennial forb type and the half shrub types 
were omitted because of their unstable nature and 
because of their great variation in species composi- 
tion from one locality to another. The creosote bush, 
mesquite, winterfat, and desert shrub types, as char- 
acterized in the “Instructions for Range Surveys,” do 
not occur or are of very limited extent in Colorado 
and Wyoming. 


SELECTION OF SPECIES 


Essentially, a score card system was used in eval- 
uating the importance of each species in each range 
type. Frequency of occurrence was obtained by ex- 
pressing in percentage the number of sample plots 
on which each species occurred. The percentage ot 
usable forage furnished by each species in the type 
was obtained by dividing the species forage factor 
by the type forage factor (Interagency Range Sur- 
vey Committee 1937), and multiplying by 100. The 
forage factor for a species is the product of its den- 
sity and proper use factor or palatability. 


All species within each type were then ranked in 
descending order according to their frequency and 
Grasses and grass- 


the amount of forage produced. 
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like species, weeds (forbs), and browse” were segre- 
gated and ranked in order of descending importance 
within each group. Geographie distribution or oceur- 
rence in other range types was occasionally used as 
a criterion for shifting the order of importance of 
certain species listed in the tables in the text. Thus, 
in Table 1, galleta (Hilaria jamesi)® has a greater 
frequency and produces more forage for the short- 
grass type as a whole than does bluestem wheatgrass 
(Agropyron smithi). The former, however, is much 
more limited in its distribution, being confined prin- 
cipally to southern Colorado, than is the latter. Con- 
sequently, the order of rating has been reversed. 
Other special characteristics, such as poisonous prop- 
erties, have been used in making minor shifts in 
order of importance for various species. These shifts 
are not arbitrary but are based on judgment as in- 
fluenced by voluminous notes and comments furnished 
by the field examiners. 

In addition to the important species presented in 
the tables, a list of additional plants has been in- 
eluded in the text for each type. These species fre- 
quently are of importance only in loeal areas. Many 
of them are of low forage value or are limited in 
their distributions. Some are included only because 
of their numerical abundance in restricted localities. 


IMPORTANT SPECIES OF THE GREAT 
PLAINS 


The Great Plains area in Colorado extends east- 
ward from the foothills of the Rocky Mountains. In 
Wyoming it extends eastward from a broad transition 
zone between sagebrush and short-grass which passes 
in a north-south direction through the east-central 
portion of the state (Fig. 1). 

The plains area is gently rolling country with eleva- 
tions from approximately 7,000 feet in some localities 
in the west to 3,500 feet in the east. Yearly pre- 
cipitation varies from 7 to 18 inches. Much of the 
area is in range land on which yearlong grazing is 
practiced. 

The short-grass type, characterized principally by 
blue grama (Bouteloua gracilis) and buffalograss 
(Buchloe dactyloides), oceupies the plains in the 
eastern parts of the two states. The big sagebrush 
(Artemisia tridentata) type dovetails with the short- 
grass type in east-central Wyoming or in many in- 
stances assumes the nature of a gradual transition, 
with the short-grasses prevailing as an understory 
beneath the sagebrush. Dry meadow types oceur 
along the stream courses throughout the area. On 
the thousands of acres that have been plowed and 
then abandoned for dry farming the annual weed 
type is characteristic. This type represents a sue- 
cession towards a short-grass cover. 

In the tables which are presented the percentage 
of forage furnished by each species and the fre- 


* Grasses, grasslike plants, weeds, and browse are the main 
groups into which western range plants are customarily divided. 
The term “weed” is here applied to herbaceous nongrasslike 
plants and is the equivalent of the ecological term ‘‘forb.” 

f * Common names and the spelling of scientific names con- 
— In general to the system used in “Standardized Plant 
‘Names,’ J. Horace McFarland Co. 1942. 
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Fic. 1. Important species were listed by forage types 
within three broad divisions of range lands in Colorado 
and Wyoming. 





queney of occurrence represent the average for the 
type. Specific localities will naturally show variation 
from the type as a whole. The occurrence of im- 
portant species in other types is shown by type sym- 
bols* in the last column of each table. 


SHort-GrRAss TYPE 

Blue grama is the dominant species in the short- 
grass type and is the species on which range man- 
agement should be based (Fig. 2). On well managed 
ranges it produces from 50 to 95 percent of all the 
forage furnished. In eastern Colorado, buffalograss 
commonly alternates with blue grama or is inter- 
mingled with it in varying proportions (Table 1), 





Fie. 2. 
grazed pasture in eastern Colorado. 


A good stand of blue grama in a lightly 


* See page 110 for symbols. 
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while in eastern Wyoming it does not constitute an 
appreciable portion of the vegetal cover (Table 2). 
Clipping studies and extensive grazing intensity tests 
on the Central Plains Experimental Range” near 
Nunn, Colorado, indicate that maximum forage pro- 
duction on ranges maintained when 
not more than 45 to 50 percent of the total seasonal 
weight production of these two grasses is utilized 
ach year. 


short-grass is 


TABLE 1, Important species of the short-grass type 
(eastern Colorado). 





Forage 
produced 


Fre- 
quency 
Grass and grass- Percent | Percent 
like species: } | 


or: Occurrence in other 
Species plains types 








Bouteloua gracilis... . 94 71.0 All 
Buchloe dactyloides. . . 42 18.4 2-D 
Aristida longiseta. . . a 25 0.8 | 18, 4-S 
Agropyron smithi... . 13 0.4 4, 1-S (Wyo.), 18, 2-D 
Hilaria jamesi corel 24 2.6 1-S 
Stipa comata ll 0.2 4, 4-S, 1-S (Wyo.) 
Carex filifolia...... 8 i 1-S (Wyo.), 4 
Muhlenbergia torreyi . 9 0.1 18 

Weeds: 
Salsola kali te nuifolia| 35 2.4 18, 4-S, 1-S (Wyo.) 
Plantago purshi.. . 25 0.0 1-S (Wyo.), 4, 4-S 
Sphaeralcea coccinea . 14 0.0 18, 1-S (Wyo.), 2-D, 4 
Lepidium densiflorum 12 0.1 1-S (Wyo.) 
Chenopodium album. .| 10 0.0 | All 

Browse: 
Opuntia spp.!...... 38 0.0 1-S (Wyo.), 4, 4-S, 18 
Artemisia frigida.... 19 0.1 1-S (Wyo.), 4 
Gutierrezia sarothrae 11 0.0 2-D, 1-S (Wyo.), 4 


1Opuntia polyacantha, O. vulgaris, and O. rhodantha. 


TABLE 2, Important species of the short-grass type 
(eastern Wyoming). 











’ ’ Fre- Forage Occurrence in other 
Species quency |produced plains types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis... . 82 65.0 All 
Agropyron smithi....| 73 | 7.3 | 4, 1-S (Colo.), 18, 2-D 
Pea arida........ | 46 | 3.7 |4 
Stipa comata 41 3.9 4, 4-S, 1-S (Colo.) 
Carex filifolia. .. 23 6.0 4, 1-S (Colo.) 
Koeleria cristata. . 18 0.7 4 
Agropyron spicatum. 10 1.3 4 
Sporobolus 

cryptandrus 10 0.7 18, 2-D, 4-S 
Festuca octoflora ..... 11 6.2 | 

Weeds: | 
Chenopodium album. 37 0.8 All 
Plantago purshi..... | 25 0.1 1-S epee ), 4, 4-S 
Sphaeralcea coccinea . 21 0.0 18, 1-S (Colo.), 2-D, 4 
Lepidium densiflorum 19 0.0 | 1-8 ys Colo.) 
Lappula redowski. 15 0.0 | 18, 4 
Salsola kali tenuifolia 10 0.3 18, 4-S, 1-S (Colo.) 

Browse: 
Artemisia tridentata 54 3.0 4 
Opuntia polyacantha . 55 0.0 | 1-S (Colo.), 18, 4, 4-S 
Artemisia frigida. . . .| 22 0.3 | 1-S (Colo.), 4 
Gutierrezia sarothrae.| 15 | 0.0 | 1-S (Colo.), 2-D, 4 
Artemisia cana......} ms | 8 {4 





| 
| 


On ranges which have been conservatively used for 


a number of years various taller grasses (‘mid- 
8 A branch station maintained by the Rocky Mountain Forest 
and Range Experiment Station in cooperation with the Soil 


Conservation Service. 
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grasses”) such as red threeawn (Aristida longiseta), 
bluestem wheatgrass (Agropyron smithi), needleand- 
thread (Stipa comata), and sand dropseed (Sporo- 
bolus cryptandrus) tend to become abundant, al- 
though they seldom produce any outstanding volume 


of forage (Costello 1942). Under light grazing 
pressure, and in wet years, these grasses increase in 
abundance; under heavy grazing use, and in dry 


years they become inconspicuous and may practically 
disappear, leaving only the short-grasses if the 
drought or heavy use is long continued (Weaver & 
Albertson 1940, 1942). Prairie junegrass (Koeleria 
cristata), bearded bluebune h wheatgrass (Agropyron 


spicatum), and threadleaf sedge or “niggerwool” 
(Carex filifolia), locally abundant in some areas, 


provide early spring forage before the short-grasses 
have produced much volume. 
The weed commonly 
short-grasses fluctuate greatly in density from year 
to year. The enormous stands of lambsquarters 
goosefoot (Chenopodium album), prairie pepperweed 
(Lepidium densiflorum), and western stickseed (Lap- 
pula redowski), which oceasionally develop in wet 


species associated with the 


years are usually found on native short-grass sod 
which has suffered both from heavy grazing and 
drought. The indicator significance of these annual 


weed species and of sixweeks fescue (Festuca octo- 
flora) which periodically dominate the landseape in 
the Great Plains is in need of further study. 

The commonest browse species in the short-grass 
type are the pricklypears (Opuntia spp.). The in- 
vestigations of Turner and Costello (1942) indicate 
that increase in abundance of these cacti, particularly 
plains pricklypear (O. polyacantha), in recent years 
is related to a suecession of drought seasons rather 
than excessive grazing. As a matter of fact, areas 
from which grazing animals are excluded sometimes 
support denser stands of pricklypear than moderately 
used ranges. (Cook 1942) found indications 
that cacti increase in numbers during drought eyeles 
and tend to decrease in wet periods. His conclusions 
were that a moth which tends to keep cactus in check 
finds more favorable conditions for its development 
during years of relatively high rainfall. 

In eastern Wyoming, big 
to the short-grass type over 
under continuous heavy grazing invades the grass- 
land and results in a change of forage type and a 
marked reduction in grazing capacity. Broom snake- 
weed (Gutierrezia sarothrae), the presence of which 
indicator of overgrazing in some regions, is 
rather infrequent in occurrence and of doubtful value 
as a clue to overuse by livestock on eastern Colorado 
and Wyoming ranges. Decrease in grass density 
and inerease in abundance of weeds are indicators 
that appear before snakeweeds become abundant and 
reflect the incipient rather than the later stages of 
overuse. When cattle are forced to eat broom snake- 
weed, however, the palatable grasses are liable to 
serious damage and as a rule the animals have al- 
ready ceased their normal seasonal weight gain. 
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Additional species which may be important only in 
local areas or in certain years are included in the 
following list: 

GRASS AND GRASSLIKE 
Carex eleocharis 
Munroa squarrosa 
Sporobolus airoides 

WEEDS 
Astragalus spp. 

Chrysopsis villosa 
Cryptantha jamesi 
Eriogonum effusum 
Helianthus annuus 
Phlox douglasi 
Polygonum aviculare 
Psoralea tenuiflora 


BROWSE 
Artemisia dracunculoides 
Artemisia filifolia 
Eurotia lanata 
Gutierrezia longifolia 


Dry MrEApow Type 


This type occurs in alkaline swales, on the borders 
of streams (Fig. 3) and frequently as one of the 
concentric vegetation zones bordering intermittent 
ponds that occur throughout the short-grass region 
in the eastern parts of Colorado and Wyoming. Al- 
though dry meadows in the Great Plains are usually 
not extensive, when properly maintained, they pro- 
vide valuable winter range for eattle, thus comple- 
menting the short-grass type which furnishes the 
bulk of range forage during the summer grazing 
season. 





Fig. 3. A dry meadow type characterized by inland 
saltgrass in an alkaline swale in eastern Colorado. 


Inland saltgrass (Distichlis stricta) and alkali saca- 
ton (Sporobolus airoides) are the dominant species 
and the plants upon which range management should 
be based (Table 3). Under moderate use these spe- 
cles contribute from 60 to 90 pereent of the forage 
i a typical meadow and provide 4 to 6 times more 
winter grazing capacity than can be obtained from a 
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similar area of the adjoining short-grass tpye. Blue- 
stem wheatgrass is a secondary species which may be 
locally abundant where subsoil moisture is plentiful. 


TABLE 3. Important species of the dry meadow type. 








Fre- Forage Occurrence in other 
Species | quency |produced plains types 
Grass and grass- Percent | Percent | 
like species: 
Distichlis stricta.....| 82 } SE PD casas 
Sporobolus airoides. . .| 58 | 8.0 | 4-S, 1-8 (Wyo.) 
Buchloe dactyloides. . .| 49 4.6 eae 
Bouteloua gracilis... . 29 1.8 All 
Agropyron smithi.... 22 | 0.2 4, 1-5, 18 
Schedonnardus | | 
paniculatus.......| 18 | 0.1 
Weeds: 
Iva avillaris. ......| 38 OOe Vissiass 
Chenopodium album. .| 33 0.2 All 
Aster tanacetifolius. . . | 16 0.0 18 
Sphaeralcea coccinea .| 10 | 0.0 | 18, 1-S (Wyo. & Colo.), 4 
Browse: | | | 
Chrysothamnus | | | 
nauseosus.........| 21 Sn ates 
Atriplex canescens. . .| 18 BOR ccwsias 
Gutierrezia sarothrae -| 9 0.0 | 1-8 (Colo. & Wyo.), 4 





Consistent grazing of inland saltgrass to a height 
of 2 inches or less usually is accompanied by a re- 
duction in volume of forage produced and invasion 
of the type by blue grama and buffalograss with 
consequent reduction in winter grazing capacity. 
Continued overuse of these areas may end in a sub- 
type characterized by inferior grasses and weeds such 
as tumblegrass (Schedonnardus paniculatus), poverty 
sumpweed (Iva azillaris), lambsquarters goosefoot, 
tansyleaf aster (Aster tanacetifolius), and searlet 
globemallow (Sphaeralcea coccinea). 

Fourwing saltbush (Atriplex canescens) may be 
locally abundant. When present it indicates moder- 
ate alkalinity of the soil. Rubber rabbitbrush 
(Chrysothamnus nauseosus) and broom snakeweed, 
which occasionally become dominant, probably reflect 
moisture and edaphie factors more than they indicate 
degree of use by livestock. 


ADDITIONAL SPECIES 


GRASS AND GRASSLIKE 
Carex eleocharis 
Festuca octoflora 
Hordeum jubatum 
Juncus balticus 
Sporobolus airoides 
S. texanus - 

WEEDS 
Chenopodium leptophyllum 
Cleome serrulata 
Grindelia squarrosa 
Lepidium densiflorum 
Monolepis nuttalliana 

BROWSE 
Eurotia lanata 


SanD SAGEBRUSH TYPE 


This type is confined to sandy soils and its domi- 
nant species, sand sagebrush (Artemisia filifolia) al- 
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most invariably marks areas where the grazing eapae- 
ity is moderate to low (50 to 90 acres per animal 
unit per year). It is the equivalent of the sand 
sage community as deseribed by Ramaley (1939). 
Small soapweed (Yucca glauca) which oceurs in this 
type is also an indicator of sand although it is not 
entirely confined to such soils. 

Blue grama provides the bulk of the forage (Fig. 
4) in the sand sagebrush type (Table 4) and man- 
agement should be directed towards its perpetuation. 





Fig. 4. 
with an understory consisting principally of blue grama. 


Sand sagebrush type in southeastern Colotado, 


A mixture of taller grasses ineluding needleand- 
thread, red threeawn, and sand dropseed along with 
sand indieators such as prairie sandreed (Calamovilfa 
longifolia) and sand bluestem (Andropogon halli) 
usually oceurs if grazing has been moderate for a 
number of years. Little bluestem (Andropogon sco- 
parius) which dominated many of the sandhill areas 


in eastern Colorado 15 to 25 years ago now persists 


< 


mostly on the borders of borrow pits along highways 








TABLE 4. Important species of the sand sagebrush 

type. 
Fre- Forage Occurrence in other 
Species quency |produced plains types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis 5 78 57.2 All 
Calamovilfa longifolia 54 1.6 y 
Stipa comata 65 2.0 4, 1-S (Colo. & Wyo.) 
Aristida longiseta . 28 6.0 18, 1-S (Colo.) 
Andropogon halli 35 0.6 
Sporobolus 

cryptandrus 22 1.4 18, 2-D, 1-S (Wyo.) 
Hilaria jamesi. . 12 5.0 | 1-8 (Colo.) 

Weeds: 
Salsola kali tenuifolia 50 4.4 18, 1-S (Colo. & Wyo.) 
Chenopodium album 42 1.6 All 
Ambrosia 

artemisifolia...... 36 0.0 
Eriogonum effusum .. 18 0.9 ae 
Plantago purshi 11 0.2 1-S (Colo. & Wyo.), 4 

Browse: 
Artemisia filifolia 94 8.4 errr 
Opuntia spp. '. 18 0.0 1-S (Cclo. & Wyo.), 18, 4 
Yucca glauca 9 0.1 


10pu ntia polyacantha, O. vulgaris. 
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where moisture conditions are favorable and in cem- 
eteries where the grazing influence has been elim- 
inated. On areas which are heavily and continuously 
overgrazed, blue grama is commonly replaced by 
tumbling Russian thistle (Salsola kali tenuifolia), 
lambsquarters goosefoot, woolly Indianwheat (Plan- 
tago purshi), Eriogonum effusum and other weeds. 
The pricklypears (Opuntia vulgaris and O. polyacan- 
tha) seldom become abundant and are of minor im. 
portance in this type. 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Andropogon scoparius 
Carex eleocharis 
Muhlenbergia pungens 
Oryzopsis hymenoides 
Redfieldia fleruosa 

WEEDS 
Abronia fragrans 
Aplopappus spinulosus 
Artemisia gnaphalodes 
Chenopodium leptophyllum 
Evolvulus pilosus 
Gilia incenspicua 
Helianthus petiolaris 
Psoralea argophylla 

BROWSE 
Prunus besseyi 

SAGEBRUSH TYPE 

Big sagebrush gives a shrubby aspect to this type, 
although the major forage species is blue grama 
(Table 5). Taller grasses, particularly bluestem wheat- 
grass, needleandthread, plains bluegrass (Poa arida) 
and prairie junegrass, occur in this type, especially 
along the streams and valleys. These species become 
reestablished in wet eveles and tend to disappear in 


dry eyeles (Larson, 1940). There is a tendeney for 


these secondary grasses, together with threadleat 
sedge and bearded bluebunch wheatgrass to be abun- 
dant on moderately used ranges but rare or ab- 


sent on areas that have been subjected to continuous 
heavy grazing. In seasons with moderate to heavy 
rainfall these grasses tend to obscure the understory 
of blue grama (Fig. 5). 

Weeds such as Douglas phlox (Phlox douglasi). 
Indianwheat, and 
western stickweed may oceur in considerable density 


woolly lambsquarters goosefoot, 
particularly on depleted ranges after heavy spring 
rainfall. On areas supporting 
these species and searlet globemallow are common 
but seldom sufficiently abundant to obseure the blue 
egrama sod even in seasons favorable to their growth. 

Plains pricklypear is widely distributed through- 
out the sagebrush type and may be abundant on 
ranges in any condition. As in the short-grass type 
it is apparently an indicator of ‘a series of drought 
years (Turner & Costello 1942). Fringed sagebrush 
(Artemisia frigida) and broom snakeweed occur most 
abundantly on ranges which are in poor condition as 
a result of past overutilization (Sarvis 1920). Silver 
sagebrush (Artemisia cana) is loeally abundant and 
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Fig. 5. Big sagebrush type in east-central Wyoming, 
showing a fair stand of bearded bluebunch wheatgrass 
which obscures the understory of blue grama. 


TABLE 5. Important species of the sagebrush type 
(east-central Wyoming). 





Fre- Forage Occurrence in other 
Species quency produced plains types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis 68 41.5 All 
Agropyron smithi 69 9.9 1-S (Colo. & Wyo.), 18, 2-D 
Stipa comata : 61 6.6 4, 4-S, 1-S (Colo. & Wyo.) 
Poa arida a ee 53 4.8 1-S (Wyo.) 
Carex filifolia. . . 4 10.5 1-S (Wyo. & Colo 
Koeleria cristata 36 1.4 1-S (Wyo.) 
Agropyron spicatum 28 &.3 1-8 (Colo.) 

Weeds: 
Phlox douglasi 33 0.0 
Plantago purshi.... 29 0.1 I-S (Colo. & Wyo.), 4-5 
Sphaeralcea coccinea 22 0.5 18, 1-8 (Wyo. & Colo.), 2-D 
Chenopodium album 20 0.5 All 
Lappula redowski 20 0.0 18, 1-S (Wyo.) 

Browse: 
Artemisia tridentata 73 9.0 1-S (Wyo.) 
Opuntia polyacantha 45 0.0 1-S (Colo. & Wye.), 18, 4-8 
Artemisia frigida. . 34 0.5 1-8 (Colo. & Wyo.) 
Artemisia cana 28 3.2 1-S (Wyo.) 
Gutierrezia sarothrae 21 0.0 1-S (Wyo. & Colo.), 2-D 


occasionally alternates with big sagebrush, although 
the latter is better adapted to the drier sites than the 
former. 

On areas where sheet and gully erosion have fol- 
lowed continuous overgrazing, big sagebrush may be 
practically the only plant in evidence. The few 
grasses that remain are generally found under the 
sagebrush plants and beyond the reach of grazing 
animals. Judgment of range recovery on such areas 
and management for restoration should nearly always 
be based on the grass stand and not on the degree 
to which big sagebrush is utilized. 


ADDITIONAL SPECIES 
GRASS AND GRASSLIKE 
Bromus tectorum 
Distichlis stricta 
Festuca octoflora 
Oryzopsis hymenoides 
Sitanion hystrix 
Sporobolus cryptandrus 
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WEEDS 

Cardaria draba 
Chrysopsis villosa 
Erigeron spp. 
Grindelia squarrosa 
Polygonum aviculare 
Psoralea esculenta 
Salsola kali tenuifolia 

BROWSE 
Artemisia pedatifida 
Atriplex canescens 
Atriples gardneri 
Cercocarpus montanus 
Chrysothamnus lanceolatus 
Eurotia lanata 
Rhus trilobata 
Yucca glauca 

WEED TYPES 

Throughout eastern Colorado and eastern Wyoming 
thousands of areas of varying size, formerly under 
cultivation, are now abandoned or are used for graz- 
ing. These areas are in all stages of plant succes- 
sion from bare ground to practically complete stands 
of blue grama. The rate and nature of this secondary 
succession on abandoned fields has been described by 
Shantz (1911, 1917), Savage & Runyon (1937), Cos- 
tello (1943), and others. 

The early stages of natural recovery of vegetation 
on the Great Plains are characterized by annual and 
perennial weeds (Table 6). The species present on 
any specific area and their relative proportions are 
valuable clues to the length of time suecession has 
been under way and to the proper grazing capacity. 

On areas out of cultivation for one to five years, 
weeds commonly constitute the only vegetation with 
tumbling Russianthistle comprising 95 to 98 percent 


TABLE 6. Important species of the weed types (aban- 
doned fields). 





Fre- Forage Occurrence in other 
Species quency produced plains types 
Grass and grass- Percent | Percent 
like species: 

Aristida longiseta 35 29.6 1-S (Colo.), 4-S 
Sporobolus cryptandrus 24 21.0 1-S, 2-D, 1-S (Wyo 
Agropyron smithi 21 11.8 4, 1-S (Colo. & Wyo.), 2-D 
Munroa squarrosa 18 0.0 
Muhlenbergia torreyi 12 0.6 1-S (Colo 
Bouteloua gracilis 9 12.0 All 


Weeds: 


Salsola kali tenuifolia 


10.5 | 4-S, 1-S (Colo. & Wyo. 


Chenopodium album All 
Sphaeralcea coccinea 66 0.0 1-S (Wyo. & Colo.), 2-D, 4 
Aster tanacetifolius 41 0.0 2-D 
Lygodesmia juncea 30 0.0 
Lappula redowski 30 0.0 1-S (Wyo.), 4 
Cryptantha 
crassisepala 18 0.0 
Grindelia squarrosa 12 0.0 
Helianthus annuus 10 0.6 
Gaura coccinea : 10 0.1 
Sophora sericea , 9 0.0 18 
Browse: 
Opuntia polyacantha . 16 0.0 1-S (Colo. & Wyo.), 4, 4-8 


1This table is a composite of the stages of vegetation recovery in the 
first 25 years after abandonment of cultivation. Space does not permit 
the inclusion of a table for each of the recognizable stages of sue »ssion 
oe may be encountered even within a single township in the Great 
ains. 
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of the total (Fig. 6). Oceasionally the succession is 
initiated by a practically pure stand of common sun- 
flower (Helianthus annuus), prairie sunflower (H. 
petiolaris), or lambsquarters goosefoot. Rather in- 
frequently such grasses as sand dropseed and false 
buffalograss (Munroa squarrosa) may occur within 
the first five If cultivation has been prac- 
ticed for only a few years (1 to 3) previous to 
abandonment, plains pricklypear and broom snake- 
weed may make an early 


years. 


appearance. 





Fig. 6. 
ized by Russian thistles on wind drifted soil. 
has been out of cultivation for three years. 


Weed type in southeastern Colorado character- 


The area 


Areas abandoned for 6 to 10 years are generally 
characterized by a mixture of annual and perennial 
weeds such as tumbling Russianthistle (15 to 30 per- 
cent of the total composition), scarlet globemallow, 
rush skeleton-plant (Lygodesmia juncea), curlyeup 
gumweed (Grindelia squarrosa), scarlet gaura (Gaura 
coccinea), silky (Sophora sericea), and 
western stickseed. Sand dropseed, bluestem wheat- 
grass and an occasional clump of red threeawn may 
be present. In seasons of heavy rainfall this stage 
of vegetational development may result death 
losses of cattle from bloating. 


sophora 


in 


As the period of abandonment increases beyond 
10 years the percentage of weeds rapidly decreases 
and grasses become increasingly abundant. Red 
threeawn is generally dominant after 15 to 20 years 
of succession (Fig. 7) and may not be entirely re- 
placed by blue grama and buffalograss after 40 
years. 

Grazing capacity and forage utilization should be 
based on the grasses in in these recovery stages. 
Use should be conservative enough to insure main- 
tenance and of the better forage plants. 
Tentative guides developed from study of these stages 
on the Central Plains Experimental Range in north- 
eastern Colorado indicate that utilization of blue 
grama, red threeawn, sand dropseed, and bluestem 
wheatgrass should not exceed 20 percent of their 
volume until the weed population has been reduced 
in process of succession to one-fourth or less of the 
total vegetation cover. 


increase 
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Fig. 
approximately 20 years. 
edges of the road from the adjacent native range. 
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Red threeawn growing on road abandoned 
Blue grama is invading the 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Hordeum jubatum 
Schedonnardus paniculatus 
Sitanion hystrix 

WEEDS 
Amaranthus blitoides 
A. retroflexus 
A. spinosus 
Astragalus spp. 
Cirsium undulatum 
Dyssodia papposa 
Iva axillaris 
Oenothera pallida 
Portulaca oleracea 
Verbena bracteata 
Xanthium spp. 

BROWSE 
Artemisia frigida 
Gutierrezia sarothrae 


IMPORTANT SPECIES OF THE MOUNTAIN 
REGION 


The range types of the mountain region in Colo- 
‘ado and Wyoming oceur principally at elevations 
greater than 5,000 feet. The alpine and subalpine 
grasslands oceur above timberline where snow accu- 
mulations often exceed 10 feet in depth. The lower 
limit of this grassland type is generally bordered by 
the spruce-fir zone. Other major types encountered 
include spruee-fir, lodgepole pine, aspen, ponderosa 
pine-Douglas fir, wet meadows, parks which occur 
throughout a wide elevational range, and the sage- 
brush, pinon-juniper, and browse-shrub types which 
are most prominent at the lower elevations. 


ALPINE AND SUBALPINE GRASSLAND TYPE 


This type oceurs in Colorado and Wyoming at 
elevations varying from 10,500 to more than 14,000 
feet. Much of it is above timber line and conse- 
quently it is distinctive because of the absence of 
trees. Sedges, grasses, mosses, dwarf willows and 
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showy weed species constitute the characteristic vege- 
tation. The growing season is short and these areas 
are grazed, principally by sheep, during the summer 
months. 

Although sedges (Carex spp.) produce nearly 20 
percent of the forage on the average within this type 
(Table 7) and oceur more frequently than any other 
species, tufted hairgrass (Deschampsia caespitosa) 
is the most important single species. Management 
should be based on its perpetuation in areas where 
it forms a characteristic part of the flora. Thurber 
fescue (Festuca thurberi), sheep fescue (Festuca 
ovina), and purple pinegrass (Calamagrostis pur- 
purascens) are rather sporadic in occurrence, although 
they may exhibit local abundance. Spike trisetum 
(Trisetum spicatum), alpine bluegrass (Poa alpina), 
and alpine timothy (Phleum alpinum) are generally 
present in the more mesophytie areas but owing to 
their scattered occurrence they seldom produce an 
appreciable amount of forage. Their gradual dis- 
appearance from the vegetal cover, however, may be 
an early indication of overuse by grazing animals. 
Carex podocarpa and C. pseudoscirpoidea are promi- 
nent in northwestern Wyoming. 


TABLE 7. Important species of the alpine and sub- 
alpine grasslands. 














| Fre- Forage Occurrence in other 
Species quency |produced mountain types 
Grass and grass- Percent | Percent 
like species: 

Caren app.' ......2-- 66 19.1 All 
Deschampsia 

caespitosa......... 32 91.7 1-M, 2-W 
Calamagrostis 

purpurascens...... 10 0.6 sereaete 
Festuca thurberi..... 7 4.8 10, 1-M 
P. ovina Sra Lae 4.0 | 6-L, 6-S, 1-M 
Trisetum spicatum. .. 34 ie 6-S, 6-L 
Poaalpina.........| 32 5.2 Rey 
Phleum alpinum..... 17 2.5 2-W, 6-S 

Weeds: | 
Polygonum 

bistortoides........| 30 0.7 2-W 
Potentialla spp.2 ... .| 24 4.1 6-L, 1-M, 2-W, 4, 1-M 
Caltha leptosepala.. . .| 19 | 3.8 2-W 
Chaenactis alpinum. .| 0 | 0 eecuces 
Achillea lanulosa... .| 8 0.3 All 
Silene acaulis.......| 20 2.7 
Sieversia spp.3..... i 16 1.2 

Browse: | | 
Saliz spp.4.........| 11 - Se oreree 








1Includes Carex atrata, C. bella, C. ebenea, C. festivella, C. nova, C, 
phaeocephala, C. podocarpa, C. pseudoscirpoidea, and C. substricta. 

2Includes Potentilla glaucophylla, and P. pinnatisecta. 

3Includes Sieversia ciliata, and S. turbinata. 

‘Includes Salix glauca acutifolia, S. petrophila, and S. saxrimontana. 


Weeds in considerable numbers, particularly the 
showy varieties, including American bistort (Poly- 
gonum bistortoides), elkslip marshmarigold (Caltha 
leptosepala), chaenactis (Chaenactis alpinum), west- 
ern yarrow (Achillea lanulosa), and Parry town- 
sendia (Townsendia parryi) are normal components 
of alpine grasslands which have been conservatively 
grazed (Fig. 8). Kobresia bellardi is common in 
southern Colorado but is not important northward. 
Under heavy grazing the usual decrease in grass 


IMPORTANT SPECIES OF THE Magor ForaAGe Types 117 





Fig. 8. Alpine grassland used by sheep for summer 
range. The vegetation consists of a good mixture of 
alpine bluegrass, spike trisetum, sedges, western yarrow 
and Parry townsendia. Big Horn National Forest. 


cover and the disappearance of many of the showy 
weeds is accompanied by an increase in cinquefoils 
(Potentilla spp.), common dandelion (Taraxacum 
officinale), and many low palatability weeds. On 
rocky soils and areas of low productive capacity 
dwarf tufted perennials such as moss silene (Silene 
acaulis), whieh are characteristic of alpine summits 
throughout the Rocky Mountains may become espe- 
cially abundant under continued heavy grazing. 
Proper use of alpine grasslands almost never results 
in a sward appearance with the broad leaved herbs 
grazed so closely as to be inconspicuous in the turf. 


ADDITIONAL SPECIES 
GRASS AND GRASSLIKE 
Juncus spp. 
WEEDS 
Erigeron spp. 
Pseudocymopterus montanus 
Sibbaldia procumbens 
Thlaspi alpestre 
BROWSE 
Vaccinium scoparium 


SprRUCE-FiIr Type 


This type, which is characterized principally by an 
overstory of Engelmann spruce (Picea engelmanni) 
and alpine fir (Abies lasiocarpa), is best developed 
between elevations of 8,000 and 10,500 feet. The 
upper edge of this zone borders the alpine grass- 
lands while the lower edge intermingles with a flora 
varying from grassy slopes to ponderosa pine (Pinus 
ponderosa) foothills. Grassland parks of various 
sizes commonly interrupt the spruce-fir type. Grasses 
and weeds characterize the understory to a greater 
extent than shrubs. This type is used extensively 
by both sheep and cattle for summer grazing. 

The grazing capacity of most ranges in the spruce- 
fir type is comparatively low when contrasted with 
the alpine grasslands, the meadow type, and open 
stands of aspen or ponderosa pine. Individual grass 
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or weed species seldom become dominant and are 
generally seattered throughout the tvpe. If the conif- 
erous overstory is dense the ground may be almost 
bare of herbaceous vegetation and the forage species 


confined to the more open stands and small parks. 
Long continued overgrazing may result in almost 


pure stands of perennial weeds (Fig. 9) such as 
hairy villosa) and_ trailing 
fleabane (Erigeron flagellaris). 


goldaster (Chrysopsis 





Fig. 9. 


Open parks in the spruce-fir zone which have 
been heavily grazed by sheep for many years are fre- 
quently characterized by nearly pure stands of hairy 
goldaster. 


Sedges as a group produce more forage than any 
other species in this type (Table 8), although like 
the grasses they are usually scattered irregu'arly 
over the Estimates of utilization should be 


ee ve 
ange. 


TABLE 8. Important species of the spruce-fir type. 





Fre- Forage 


Occurrence in other 
quency |produced 


Species mountain types 


Grass and grass- Percent Percent 
like species: 

Carer spp.' .... 68 9.8 All 
Trisetum spicatum 32 0.9 1-A, 6-L 
Festuca ovina : 18 1.3 6-L, 1-A, 1-M 
Bromus anomalus 25 2.7 6-L, 10, 5 
Phleum alpinum 15 1.8 2-W, 1-A 
Stipa spp.? 7 3.1 4,5 
Elymus glaucus ; 6 0.9 10 
Agrostis hiemalis 17 6.3 1-M 
Poa refiexa 14 0.9 

Weeds: 
Achillea lanulosa 53 3.6 All 
Fragaria glauca 43 0.7 10, 1-M 
Erigeron spp.3 26 0.9 2-W, 1-M, 4 
Lathyrus leucanthus 12 1.4 10, 5 
Senecio spp.* . 23 0.8 ae aeres 
Taraxacum officinale 19 4.8 All 
Ligusticum porteri 6 ‘3 
Helenium hoopesi 10 0.0 1-M, 10 

Browse: 
Vaccinium scoparium 17 0.0 6-L 


1Principally Carex festivella, C. geyeri, C. phaeocephala, and C. eleo- 
charis. 

2Includes Stipa columbiana and S. lettermani. 

3Principally Erigeron asper, E. coulteri, E. salsuginosus, E. speciosus, 
and E. superbus. 

4Including Senecio ambrosivides, S. 
bergi, S. bigelovi, and S. fendleri. 


serra, S. triangularis, S. ryd- 
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made on the sedges, nodding brome (Bromus an- 
omalus), spike trisetum, and alpine timothy in pref- 
erence to the low frequency grasses, such as nodding 
bluegrass (Poa reflera), winter bentgrass (Agrostis 
hiemalis), blue wildrye (Elymus glaucus), and sub- 
alpine needlegrass (Stipa columbiana). Letterman 
needlegrass (Stipa lettermani) is common in the type 
in southwestern Colorado. 

Weeds generally oceur sporadically in the spruee- 
fir type. Oceasionaily small fleabane 
(Erigeron spp.), groundsel (Senecio spp.) and west- 
ern yarrow occur in moist where the 
Heavily grazed areas frequently 
stands of blueleaf strawberry (Fragaria 
glauca), common dandelion, Porter ligustieum (Ligus- 
ticum porteri) and (Helenium 
This latter species is poisonous to sheep 
(Marsh, et al, 1921) and when present in quantity, 
management should be directed toward the minimum 
utilization of this species as well as conservative use 
of the grass and grasslike species (Cassady 1941, 
Doran 1942). 


Grouse whortleberry (Vaccinium scoparium) is the 


societies of 
areas crown 
sanopy is open. 
support 
orange sneezeweed 


hoopesi). 


only browse species which oceurs in abundance in 


the spruce-fir type. On sandy or gravelly loams it 


frequently forms the understory of Engelmann 
spruce forests to the exclusion of practically all 


herbaceous species. It is browsed very little by eattle 
and sheep. 
ADDITIONAL SPECIES 
GRASS AND GRASSLIKE 
Koeleria cristata 
Muhlenbergia montana 
Poa pratensis 
WEEDS 
Agoseris spp. 
Chrysopsis villosa 
Geranium viscosissimum 
Potentilla spp. 
Pseudocymopterus montanus 
BROWSE 
Aitemisia frigida 
Vaccinium cespitosum 


LODGEPOLE PINE TYPE 

The lodgepole pine (Pinus contorta latifolia) type 
commonly alternates with the spruce-fir type at eleva- 
tions of 8,000 to 11,000 feet. The two types are 
similar in that they are characterized by relatively 
large areas in which little palatable forage is avail- 
able. Grasses commonly oceur in isolated clumps or 
as scattered individuals. Red fescue (Festuca rubra) 
and sheep fescue provide the bulk of the forage 
(Table 9) and on reeent burns may form fairly 
dense stands: Narrow leaved sedges are rather uni- 
formly distributed throughout the type (Fig. 10) 
and, excepting the feseues (Festuca spp.), furnish 
more forage than all other grasses combined. Heavy 
use of the type is indicated when infrequent grasses 
such as nodding brome, timber danthonia (Dan- 
thonia intermedia), and spike trisetum are sought by 
livestock and no ungrazed tufts remain. 
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TABLE 9. Important species of the lodgepole pine type. 





Fre- Forage Occurrence in other 
Species quency (produced mountain types 
Grass and grass- Percent | Percent 
like species: 
Carex spp.! nae 49 5.2 All 
Festuca spp.2 ee 17 12.3 6-S, 1-A, 1 M 
Bromus anomalus, 31 0.6 6-S, 10, 5 
Danthonia intermedia 28 0.3 2-W 
Trisetum spicatum 26 0.3 €-S, 1-A, 2-W 
Weeds: 
Po’extilla spp...... 37 6.3 1-A, 1-M, 2-W. 4 
Achillea larulosa 32 1.4 All 
Solidago spp..... 26 1.3 
Antennaria rosea $5 0.0 
Lupinus wyethi...... 11 05 ; 
Galium boreale.... 9 0.0 10, 5 
jr we 
Vaccinium scoparium 24 00 6-S 
Artemisia tridentat1 23 4.1 4.5,9 
Potentilla fouticosa 19 4.0 1-M, 2-W 


1Principally Carex heliophila, and C. geyeri. 
2Principally Festuca rubra and F. ovina 


Fig. 10. Elk sedge and wheatgrasses producing the 
bulk of the forage in an open lodgepole pine stand. 
Medicine Bow National Forest. 


Weed species are seldom present in sufficient num- 
bers to make a dense ground cover. Heavily used 
areas are commonly character-zed by e¢nquefoi's 
and western yarrow. Extensive areas are sometimes 
covered by rose pussytoes (Antennaria rosea) where 
the soil is otherwise barren of vegetation. Golden- 
rods (Solidago spp.), northern bedstraw (Galium 
boreale), lupine (Lupinus wyethi) and other weeds 
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are of such sporadic occurrence that they are of 
small value as indicators except in localized areas 
where the vegetational history of specifie grazing 
allotments is known in detail. 

Grouse whortleberry frequently forms pure stands 
in the understory as in the spruce-fir type. Bush 
cinquefoil (Potentilla fruticosa) commonly lends as- 
pect to the moist open areas in the lodgepole pine 
type that are too small to be classified as meadows. 
Hedged appearance of these shrubs is an indication 
that the range as a whole is being overutilized. On 
drier sites in fairly open timber stands, big sage- 
brush is frequently a shrubby component of the 
understory. On the lower borders of lodgepole pine 
stands and as an alterne with aspen it sometimes 
indicates fairly recent fires (Clements, 1928, p. 299). 
Management of ranges where big sagebrush is promi- 
nent should be based on perpetuation of the grasses 
and weedy species. 

If the vegetation of the larger parks in the lodge- 
pole pine type is considered, Idaho fescue (Festuca 
idahoensis) is a prominent grass, particularly in 
northern Colorado. A common lodgepole pine under- 
story in northern Colorado and in Wyoming is a 
pinegrass (Calamagrostis rubescens )-grouse whortle- 
berry community. 

ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Poa fendleriana 
Stipa lettermani 

WEEDS 
Arnica cordifolia 
Eriogonum subalpinum 
Fragaria glauca 
Lathyrus leucanthus 

BROWSE 
Arctostaphylos uva-ursi 
Rosa woodsi 

ASPEN TYPE 


The aspen type occurs at elevations of 8,000 to 
10,500 feet, depending largely on the exposure. In 
open stands of golden quaking aspen (Populus tremu- 
loides aurea) that have been subjected to moderate 
grazing use the forage cover is generally excellent. 
It consists of a well balanced mixture of grasses, 
weeds, and shrubs, valuable for spring and summer 
grazing by both sheep and eattle (Fig. 11). Ten 
or fifteen species of grasses, 20 to 40 species of 
weeds, and several shrubs are not uncommonly re- 
corded from a single area of 100 square feet. Indi- 
vidual species seldom become dominant in the aspen 
understory unless the effects of grazing or other dis- 
turbanees are outstanding. 

The larger parks, which are not included in the 
species lists for this type, frequently support exeel- 
lent stands of Kentucky bluegrass (Poa pratensis ). 
This is the result, in many instances, of replacement 
of native bunehgrasses which have been used too 
heavily in the past. In the aspen type proper, moun- 
tain brome (Bromus carinatus) is one of the most 
important grasses (Table 10). 
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Fie. 11. 


grasses, forbs, and shrubs. 


Aspen type showing a good mixture of 
This area has been moder- 
ately grazed by sheep for several years. 


TABLE 10. Important species of the aspen type. 





Occurrence in other 
mountain types 


Fre- | Forage 


Species quency |produced 





Grass and grass- | Percent | Percent | 
like species: } | 
Carex spp.' 55 | 5.1 All 
Bromus carinatus . . 25 | 11.7 vite 
Bromus anomalus....| 43 1.8 | 6-L, 6-S, 5 
Elymus glaucus...... 20 | 1.5 | 65S 
Festuca thurberi..... 20 } 2.2 1-A, 1-M 
Poa pratensis....... 26 10.6 | 5, 2-W, 6-P, 1-M 
Festuca arizonica....| 13 | 1.3 6-P, 9, 4, 1-M 
Koeleria cristata... . -| 14 | 0.6 | 4, 6-P, 1-M, 2-W, 9, 5 
Weeds: 
Achillea lanulosa... . 72 2.9 | All 
Fragaria glauca...... 36 | 0.5 } 6-S, 1-M 
Thalictrum fendleri . .| 33 a ree 
Taraxacum officinale . 40 | 13.6 All 
Vicia americana..... |} 30 La 14 
Lathyrus leucanthus 29 CO} 3.7 | 6-S,5 
Galium boreale..... |} 29 0.1 | 6-L, 5 
Helenium hoopesi.. . 9 0.0 | 1-M, 6-8 
Browse: | 
Populus tremuloides 
eee 61 0.1 | 
Symphoricar pos 
oreophilus........ 29 3.9 5, 9, 6-P, 4 
Rosa woodsi........ 14 0.9 6-P 


1Principally Carex festivella,"C. geyeri, C. heliophila, C. eleocharis, 
and C. rostrata. 


Sedges as a group constitute the most important 
plants among the grass and grasslike species in the 
aspen type. For example, detailed observations in 
western Colorado disclosed that mature ewes in two 
bands of sheep spent from 10 to 17 percent of their 
grazing time eating sedges in the aspen and spruce- 
fir types (Cassady 194la). More grazing time was 
spent on only one other species, mountain snowberry 
(Symphoricarpos oreophilus). 

Thurber fescue occasionally becomes abundant in 
open aspen stands as a result of long continued use 
by sheep. On driveways all weeds may disappear, 
leaving this species dominant in the understory. 
Nodding brome, ,Arizona fescue (Festuca arizonica), 
prairie junegrass, and blue wildrye are generally 
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seattered rather than grouped in more or less pure 
stands. 

Western yarrow is the most frequent spec'es in 
the aspen type and is a useful weed for making 
comparisons of range and range conditions 
within the type. Its relative vigor, the number of 
flower stalks remaining ungrazed, and the abundance 
of plants are useful criteria in checking on livestock 
distribution and intensity of forage utilization. Blue- 
leaf strawberry is common on areas where eattle 
concentrate. On moderately used ranges, Fendler 
meadowrue (Thalictrum fendleri), American veteh 
(Vicia americana), aspen peavine (Lathyrus leucan- 
thus), and northern bedstraw 
components of the vegetation. 


use 


are almost _ constant 
Their absence gen- 
erally may be construed as an indication of improper 


grazing management. 


In western and southwestern Colorado, orange 
sneezeweed presents special problems of manage- 


ment in the aspen type (Cassady 1941). The man- 
ner in which these plants are grazed is an indication 
of the degree of use and a clue to the amount of 
death loss due to poison that may be expected. The 
heads of sneezeweed plants are usually grazed first, 
then the flower stem leaves, and finally the rosette 
leaves. When grazing results in utilization of flower 
heads, stem leaves and the tips of the rosette leaves, 
losses are liable to occur. Other outstanding weeds 
in southern Colorado sheep ranges are mountain 
thermopsis (Thermopsis montana) and porter ligus- 
ticum. 

Mountain snowberry is the most important browse 
species in the aspen type. It is grazed closely by 
sheep wherever it is found and hence is a good indi- 
eator of utilization. Golden quaking aspen occurred 
on about 60 percent of the sample plots examined 
and in most instances represented aspen reproduction 
rather than the leaves and shoots of mature trees 
within the reach of livestock. The extent of damage 
to aspen by grazing animals may be used in recog- 
nizing the effeet of grazing. Sampson (1919) states 
that in Utah over 90 percent of the damage inflicted 
on aspen reproduction results from browsing. Sheep 
are more destructive than eattle. “Observations ecov- 
ering a 5-year period in standing timber on sheep 
range showed that 27.2 percent of the reproduction 
was either injured or killed on lightly grazed plots, 
31.8 percent on moderately grazed areas, and 65 per- 
cent on heavily grazed plots.” 

In wildlife management, aspen reproduction is 
very commonly used as an indicator of degree of 
use by deer and elk. Under heavy pressure from 
these game animals, even mature trees are sometimes 
“barked” and killed. It has been observed that one 
of the first results of overpopulation by deer and 
elk may be the complete elimination of aspen on 
localized winter concentration areas. Aspen trees 
are also extensively gnawed, ridden down, and other- 
wise destroyed in summer by elk. Packard (1942), 
in an investigation of aspens growing in Rocky 
Mountain National Park, Colorado, found that die- 
back is caused by a fungus (Cytospora chrysosperma) 
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which is introduced into healthy trees through wounds 
in the bark produced by various animals, ineluding 
elk. He also found that reproductive growth is re- 
tarded by mule deer browsing the young shoots. The 
growth requirements, reproduction, and susceptibility 
to injury of aspen have been discussed in detail by 
Baker (1925) for the central Rocky Mountain region. 


ADDITIONAL SPECIES 


GRASS AND GRASSLIKE 
Agropyron pauciflorum 
Bromus ciliatus 
Festuca idahoensis 
Stipa lettermani 

WEEDS 
Chrysopsis villosa 
Delphinium barbeyi 
Geranium spp. 
Heracleum lanatum 
Ligusticum porteri 
Potentilla spp. 
Pseudocymopterus montanus 
Rudbeckia hirta 
Senecio serra 

BROWSE 
Amelanchier alnifolia 
Mahonia repens 
Potentilla fruticosa 
Prunus virginiana 

melanocar pa 
Rosa spp. 
Sambucus spp. 


PONDEROSA PINE-DovuGLAS Fir TYPE 


The ponderosa pine-Douglas fir type is best devel- 
oped between 5,000 and 8,000 feet elevation. It is 
characteristic of the foothills and lower mountain 
slopes. Ponderosa pine grasslands are used both for 
summer and winter range, particularly by cattle. 

The better grazing areas in this type are character- 
ized by open timber stands with a conspicuous ground 
cover of grasses and other herbaceous plants (Fig. 
12). Areas dominated by a shrubby understory are 
exceptional. Various phases of this type may be 
distinguished on the basis of the predominant grass 
cover. In southeastern and southern Colorado blue 
grama is the principal grass, and with its associated 
species appears to constitute an extension of the 
short-grass type beneath the ponderosa pine over- 
story. Throughout the type in other parts of Col- 
orado, Arizona feseue and other buneh forming 
grasses are typical of native ranges, while mountain 
muhly (Muhlenbergia montana) is locally dominant 
on the granitic soils in the Pikes Peak region. In 
Wyoming, wheatgrasses (Agropyron spp.), sedges, 
prairie junegrass, and species characteristic of the 
plains are common. 

Sedges in the upper limits of this type merit spe- 
cial attention. The abundant narrow leaved species 
are threadleaf sedge, elk sedge (Carex geyeri), sun 
sedge (C. heliophila), and needleleaf sedge (C. eleo- 
charis). The amount of forage produced by sedges 
is indicated by the results of a clipping study made 
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Fig. 12. <A ponderosa pine stand with a good cover 
of perennial grasses, including Arizona fescue and moun- 
tain muhly. 


in central Colorado in late August 1938. Total 
average forage production was 262 pounds (air dry) 
per acre. In this instance, sedges comprised 58 
pounds per acre or nearly one-fourth of the total 
weight of forage produced. 

Kentucky bluegrass is an important component 
(Table 11) of the forage cover under certain con- 
ditions in the ponderosa pine-Douglas fir zone. Where 
moisture conditions are favorable, especially along 
stream bottoms, it frequently replaces the native 
bunchgrasses under even moderate grazing use. Under 
judicious management the sod may be maintained 
and an abundant supply of forage produced. Heavy 
use and trampling tends toward a replacement of 
the bluegrass by dandelions and other weeds. 

Abandoned fields and severely overgrazed areas in 
this type are made conspicuous by heavy stands of 
fringed sagebrush, prairie sunflower and hairy gold- 
aster. Spreading or mat forming species such as 
creeping mahonia (Mahonia repens) and rose pussy- 
toes are generally found on thin soils, rocky areas, 
and sites where other vegetation is sparse. Woods 
rose (Rosa woodsi) is fairly common but rates low 
in palatability and when grazed to any extent by 
cattle or sheep indicates a shortage of the better 
forage species. 

At the lower limits of the type, Douglas fir is no 
longer found and the ponderosa pines merge with 
the pinon-juniper type or give way to plains short- 
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TABLE 11. Important species of the ponderosa pine- 
Douglas fir type. 





Fre- Forage Occurrence in cther 
Species quency |produced mountain types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis 5 25 26.8 9, 4, 1-M, 5 
Festuca arizonica.... 29 4.8 9, 4, 1-M, 5, 10 
Carex spp.! . 48 4.0 All 
Koeleria cristata . 35 2.1 4, 1-M, 2-W, 10, 9, 5 
Poa pratensis ‘ 12 11.1 5, 1-M, 2-W, 10 
Muhlenbergia 

montana. ..... : 6 1.5 1-M 

Weeds: 
Achillea lanulosa . 43 1.3 All 
Taraxacum officinale 21 3.2 All 
Chrysopsis villosa 21 0.3 9,5 
Geranium spp.? 13 7.3 
Orthocarpus luteus. . 10 0.0 4 
Helianthus petiolaris Ss 0.2 

Browse: 
Artemisia frigida 43 0.8 9, 1-M, 5 
Symphoricar pos 

oreophilus 20 ‘2 5, 10, 9, 4 
Mahonia repens 18 0.0 5 
Rosa woodsi... ; 12 0.7 10 


'Principally Carex filifolia, C. heliophila, C. eleocharis, and C. geyeri. 

2Includes Geranium parryi, G. fremonti, and G. viscosissimum. 
grass or oak-prush. At elevations of 4,500 to 6,000 
feet in southern Colorado from El County 
south to Huerfano and Las Animas and west through 
Conejos, Archuleta, and La Plata counties in partie- 
ular, the species composition is sufficiently different 
to justify a separate tabulation (Table 12). 


Paso 


TABLE 12. Important species of the ponderosa pine 
type (southern Colorado). 








Fre- | Forage Occurrence in other 
Species | quency {produced mountain types 
Grass and grass- | Percent | Percent 
like species: | 
Bouteloua gracilis 45 44.7 1-M, 5, 9, 4 
Koeleria cristata . 41 - 4, 1-M, 2-W, 10, 9, 5 
Muhlenbergia 
montana... 20 14.7 1-M 
Festuca arizonica. . 16 8.9 1-M 
Carex filifolia. .. 13 0.8 5, 1-M 
Poa pratensis ag 11 6.4 5, 1-M, 2-W, 10, 6-P 
Weeds: 
Actinea richardsoni 23 0.0 1-M 
Chrysopsis villosa 14 0.0 5,9 
Achillea lanulosa. . 13 0.1 5 
Geranium parryi 12 0.1 
Arenaria fendleri.... 8 0.0 
Browse: 
Artemisia frigida.. . 46 0.6 1-M, 5, 9 
Cercocarpus montanus 13 2.8 >, 9 


Blue grama is the principal forage species in this 
southern Colorado subtype and has apparently re- 
placed the bunchgrasses, mountain muhly and Ari- 
zona fescue, in many localities. Under conservative 
use these latter two species maintain themselves in 
fairly dense stands but tend to disappear in favor 
of short-grass sod under heavy grazing pressure. 
On the drier sites threadleaf sedge is fairly common 
while on the moist valley bottoms and along streams, 
Kentucky bluegrass occasionally forms pure stands. 
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Throughout the ponderosa pine-Douglas fir type 
hairy goldaster occurs wherever the herbaceous den- 
sity is low and grazing use is heavy. Fendler sand- 
wort (Arenaria fendleri) and fringed sagebrush are 
likewise excellent indicators of overgrazing, although 
the latter is also a characteristic species in abandoned 
fields. Parry geranium (Geranium parryi) and west- 
ern yarrow occur sporadically and when utilized to 
any considerable extent by livestock give evidence 
that the more important grass species are in danger 
of overuse. 

True mountain mahogany (Cercocarpus montanus ) 
is generally the most conspicuous browse species in 
this type. When it occurs in moderate abundance 
and is uniformly destributed it is an important indi- 
cator of utilization. In localities where it is sparse, 
the occasional plants may be heavily browsed and 
present a gnarled, stumpy, and dwarfed appearance 
without necessarily indicating overuse of the prin- 
cipal grasses. Livestock are prone to seek and over- 
utilize such occasional isolated species. 


ADDITIONAL SPECIES 


GRASS AND GRASSLIKE 
Agropyron smithi 
Blepharoneuron tricholepis 
Bromus anomalus 
Danthonia intermedia 
Festuca idahoensis 
Poa secunda 
Sitanion hystrix 
Stipa comata 

WEEDS 
Actinea richardsoni 
Erigeron spp. 
Eriogonum umbellatum 
Fragaria glauca 
Geranium spp. 
Helianthus petiolaris 
Penstemon spp. 
Potentilla spp. 

Senecio spp. 
Vicia americana 

BROWSE 
Arctostaphylos uva-ursi 
Artemisia tridentata 
Cercocarpus montanus 
Mahonia repens 
Opuntia sp. 

Quercus spp. 
Rosa woodsi 


Wet Merapow Type 


Wet meadows oceur throughout the various moun 
tain forage types at elevations of 5,000 to more than 
10,000 feet in situations where the moisture content 
of the soil remains high throughout the growing sea- 
son (Fig. 13). Sedges are dominant in these areas 
(Table 13). Exeessive grazing tends to kill out 
the sedges and bring about their replacement by 
weeds such as dandelions and cinquefoils. Range 
utilization standards should he based on the degree 
of use that the sedges and more abundant grasses, 
such as tufted hairgrass, can withstand. Kentucky 
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Fig. 13. Wet meadow characterized by sedges, rushes, 
and moisture enduring grasses. 


bluegrass oeceasionally forms a good sod in moist well 
drained meadows where it has replaced the native 
species and in such instances it is an indicator of 
moderately heavy grazing. Prairie junegrass and 
timber danthonia are generally confined to the drier 
margins of wet meadows and are seldom present in 
sufficient abundance to influence grazing capacity. 
Their gradual encroachment on the meadow, however, 
may be evidence that improper use is driving out 
the characteristic species. 


TABLE 13. Important species of the wet meadow type. 








Fre- Forage Occurrence in other 
Species quency |produced mountain types 
Grass and grass- Percent | Percent 
like species: | 

Carex spp.'.... 79 31.0 All 
Deschampsia | | 

caespitosa ..| 46 | 16.7 |1-A, 1-M 
Phleum alpinum 27 2.6 6-S, 1-A 
Poa pratersis.......| 5 0.8 5, 1-M, 10, 6-P, 2-W 
Hordeum nodosum. . . | 9 0.3 : 
Koeleria cristata 12 0.3 4, 6-P, 1-M, 10, 5 
Danthonia intermedia 9 1.0 6-L 

Weeds: 
Caltha leptosepala 28 2.5 1-A 
Achillea lanulosa 33 | 1.8 All 
Taraxacum officinale 24 9.8 All 
Erigeron spp.2 26 0.8 6-S, 1-M, 4 
Potentilla spp.% ; 28 0.5 6-L, 1-A, 1-M, 4 
Polygonum 

bistortoides 19 0.3 1-A 
Veronica alpina ; 8 0.0 

Browse: 
Potentilla fruticosa 11 0.6 6-L, 1-M 


'Includes Carex aquatalis, C. atrata, C. ebenea, C. festivella, C. 
rostrata, C. substricta, C. heliophila, C. angustior, C. disperma, and C. 
egglestoni. 


2Includes Erigeron acris, E. compositus, E. coulteri, and E. sal- 
suginosus. 


3Includes Potentilla anserina, P. filipes, and P. glaucophylla. 


Excessive numbers of western yarrow, dandelion, 
cinquefoils, and fleabane may denote heavy grazing 
use and may call for a change in class of livestock, 
a reduction in grazing intensity, or better distribu- 
tion of animals. Elkslip marshmarigold, alpine speed- 
well (Veronica alpina), and other moisture loving 
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species generally present in wet meadows are indi- 
eators of a hydrophytie habitat and may possess little 
grazing significance. 

Bush cinquefoil appears to be the most common 
shrub in wet meadows. It is an excellent yardstick 
for judging utilization. A heavily browsed or hedged 
appearance of this species is a manifestation of con- 
tinued overuse of the meadow. Willows (Salix spp.) 
likewise give evidence of excessive use of meadows 
when they present a “browse line” or give evidence 
of having been denuded of their foliage. 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Festuca ovina 
Juncus balticus 
Phleum pratense 
Trisetum spicatum 

WEEDS 
Cicuta occidentalis 
Epilobium adenocaulon 
Gentiana thermalis 
Ligusticum porteri 
Pedicularis groenlandica 
Senecio spp. 
Trifolium repens 
Veratrum californicum 
Wyethia amplexicaulis 

BROWSE 
Salix spp. 

PARK TYPE 

Grasses are the predominant species in th’s type 
which occurs within wide altitudinal limits in the 
park-like openings in the browse or timbered zones 
(Fig. 14). Sedges, particularly of the narrow leaved 
variety, are abundant (Table 14), but generally not 
conspicuous. Characteristically, both grass and weed 
species are scattered in a more or less uniform mix- 
ture, although bunch forming fescues, tufted hair- 
grass, and Kentucky bluegrass may oceur in rel- 
atively pure stands depending on habitat conditions 
and past grazing use. 

A preponderance of weeds and a relative searcity 
of grasses practicallly always follows improper man- 





Fig. 14. Dry meadow in the aspen-spruce zone, char 
acterized by a good stand of perennial grasses. 
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agement of this type. An abundance of low value 
species such as Douglas knotweed (Polygonum doug- 
lasi) generally indicates excessive deterioration of 
the forage cover and susceptibility to erosion. In 
park areas in the aspen and spruce-fir zones in west- 
ern and southern Colorado orange sneezeweed is a 
common component of the dry meadow type and 
when it is abundant, sheep management practices 
must be designed to prevent losses from poisoning. 


TABLE 14. Important 
higher altitudes, 


species 


of the park type at 





Occurrence in other 
mountain types 


Fre- Forage 

Species quency |produced 

Grass and grass- Percent 
like species: 

Carex spp.'. A ee 56 5.2 All 








Percent 








Poa pratensis..... 2) 7 | 0.4 5, 2-W, 10, 6-P 
Deschampsia | | 
caespitosa.........| sm | #43 | 2-W, 1-A 
Koeleria cristata... .. 24 } 0.4 4, 6-P, 2-W, 9, 5 
Festuca ovina........ 15 ‘2 6-L, 6-S, 1-A 
Agrostis hiemalis.... 21 0.4 6-5 
Festuca idahoensis. . . 12 2.0 |4 
ee 12 1.1 10, 1-A 
B. GFiGOnies....60--. 1l ES 6-P, 9, 4, 10 
Weeds: 
Taraxacum officinale . 55 22.4 All 
Achillea lanulosa.... 67 3.6 | All 
Potentilla spp.?...... 53 2.7 6-L, 1-A, 2-W, 4 
Erigeron spp.?...... 45 2.0 6-S, 2-W, 4, 9 
Helenium hoopesi.... 20 0.0 6-S, 10 
Fragaria glauca...... 19 1.8 | 6-58, 10 
Polygonum douglasi . .| 12 0.6 
Browse: | 
Artemisia frigida. . . .| 18 1.7 | 9, 6-P,5 
Potentilla fruticosa.. .| 20 2.5 2-W, 6-L 








1Includes Carex aquatilis, C. festivella, C. geyeri, C. heliophila, C. 
phaeocephala, C. angustior, C. lanuginosa, and C. siccata. 

2Includes Potentilla anserina, P. concinna, P. effusa, P. filipes, and 
P. glaucophylia. 

3Includes Erigeron acris, E. ampla, E. asper, E. compositus, E. 
coulteri, E. corymbosus, E. eatoni, E. flagellaris, E. salsuginosus, E. 
speciosus, and E. uniflorus. 


Bush ecinquefoil may be abundant in localized areas. 
Fringed sagebrush in abundance generally suggests 
overuse. 

Both parks and wet meadows are key areas since 
they are congregation centers for livestock. If they 
are properly used, surrounding forage types usually 
will be maintained in good condition. Hence, a 
critical knowledge of the indicator values of impor- 
tant species in swales, creek bottoms, and grassy 
parks should be sought by range administrators. 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Agropyron pauciflorum 
Agrostis hiemalis 
Blepharoneuron tricholepis 
Bouteloua gracilis 
Bromus anomalus 
Muhlenbergia filiculmis 
Stipa columbiana 
Stipa lettermani 

WEEDS 
Actinea richardsoni 
Antennaria rosea 
Ligusticum porteri 
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Orthocarpus luteus 
Penstemon spp. 
Trifolium repens 
BROWSE 
Chrysothamnus spp. 


Included in the park type, for purposes of this 
study are grasslands typical of the broad valley 
floors and gentle slopes between the major mountain 
ranges in central and southern Colorado. Their spe- 
cies composition differs from that of the mountain 
parks or grasslands at higher elevations. 

Although blue grama is a nearly constant species 
and is the most important forage producer (Table 
15) these areas do not properly belong in the short- 
grass type owing to an admixture of bunch forming 
species and taller varieties such as mountain muhly, 
Idaho feseue, bluestem wheatgrass, and prairie june- 
In many ways these grasslands represent a 
mixture of elements from the plains with those from 
the higher and somewhat more mesophytie dry moun- 
tain meadows. 


grass. 


TABLE 15. Important species of the park type at lower 
altitudes. 





Occurrence in other 
mountain types 


R | Fre- | Forage 
Species | quency |produced 





Grass and grass- | Percent | Percent | 


like species: 


Bouteloua gracilis... .| S84 | 65.1 | 5, 9, 4, 6-P 

Muhlenbergia } 
montana.......... 52 22.0 | 6-P 

| ee 17 ; 0.1 vaniewe 

Koeleria cristata... .. 20 | 0.3 4, 6-P, 2-W, 9, 5 

Agropyron smithi.... 14 0.2 4,5,9 

Festuca arizonica.... 13 | 0.9 6-P, 9, 4, 10 

Carex filifolia....... 10 0.2 | 5, 6-P 
Weeds: | 

Actinea richardsoni .. 27 0.0 6-P 

Salsola kali tenuifolia 20 0.6 (9 

Sphaeralcea coccinea . 12 | 0.0 |4,9,5 
Browse: 

Artemisia frigida.... 55 0.5 6-P, 5,9 

Chrysothamnus spp.'!. 18 | 0.0 ener 

Eurotia lanata....... 15 0.7 





1Includes Chrysothamnus depressus, C. bigelovi, and C. lanceolatus. 


Abundant evidence indicates that blue grama has 
invaded many areas formerly dominated by bunch- 
In the light of present knowledge, manage- 
ment is best based on whichever grass is dominant at 
present in any specific locality. 

As in the short-grass type an abundance of such 
species as ring muhly (Muhlenbergia torreyi), tum- 


grasses. 


bling Russian thistle, and fringed sagebrush is a 
mark of unsatisfactory range condition. Long con- 


tinued overuse is followed in many instances by an 
invasion of various species of rabbitbrush (Chryso- 
thamnus spp.). Pingue actinea (Actinea richard- 
soni) is frequent in these grasslands and deserves 
consideration because of its poisonous properties. 


ADDITIONAL SPECIES 
GRASS AND GRASSLIKE 
Aristida longiseta 
Carex geyeri 
Festuca idahoensis 
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Muhlenbergia filiculmis 
Sitanion hystrix 
Sporobolus ceryptandrus 
WEEDS 
Arenaria fendleri 
Potentilla spp. 
BROWSE 
Atriplex canescens 
Gutierrezia sarothrae 
Opuntia spp. 


SAGEBRUSH TYPE 


Big sagebrush gives the dominant aspect in this 
type (Fig. 15). Many mountainous areas where big 
sagebrush is now established, formely supported 
luxuriant stands of grasses and belonged in the park 
types, and in these areas herbaceous plants in the 
sagebrush type at the higher elevations (Table 16) 
are secondary in ecological importance but they are 
still the primary forage species. Where stands of 
sagebrush are well developed, use of this shrub must 
be considered under good grazing practices, but 
maintenance of the grass cover is the first requisite. 
Sagebrush seedlings invading grassy areas should be 
taken as indication that a change in grazing practices 
is essential. All sagebrush types, however, should not 
be construed as evidence of overgrazing in the past. 





Fig. 15. Sagebrush type at 9,500 feet. The principal 
herbaceous species are prairie junegrass, Arizona fescue, 
Letterman needlegrass, western yarrow, and American 
vetch. 


Sagebrush types in good condition are character- 
ized by ample growth of the principal grasses be- 
tween the sagebrush clumps. Unsatisfactory condition 
is evidenced when the important grasses survive only 
under the individual sagebrush clumps and unde- 
sirable or inferior weed species become prevalent 
between the clumps. 

The weed species which increase in abundance 
under heavy use are common dandelion, western 
yarrow, yellow owlclover (Orthocarpus luteus), Doug- 
las knotweed, and various species of fleabane and 
cinquefoil. With increasing deterioration, pussytoes 
(Antennaria spp.), sandworts (Arenaria spp.), or- 
ange sneezeweed, and asters (Aster spp.) may be- 
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TABLE 16. Important species of the sagebrush type 
at higher altitudes. 











| Fre- | Forage | Occurrence in other 
Species quency |produced) mountain types 
Grass and grass- Percent | Percent 
like species: | | 
Koeleria cristata... ..| 43 3.0 | 6-P, 1-M, 2-W, 4, 9, 5 
Carez spp.'......<. 30 3.6 
Stipa columbiana....| 33 | 9.0 
S. lettermani....... 21 | 3.3 5, 6-S 
Agropyron smithi. . .| 18 | 1.3 5, 9, 1-M 
Sitanion hystrix... . .| 19 | 0.2 9 
Fesiuca arizonica....| 19 | 1.1 6-P, 9, 1-M, 4 
Weeds: | 
Taraxacum officinale.| 29 |} 13.4 All 
Achillea lanulosa....| 44 | 2.9 | All 
Orthocarpus luteus. . .| 1 | 4.2 6-P 
Erigeron spp.2..... | 24 | 2.2 | 6S, 2-W, 1-M,9 
Vicia americana.....| 18 | 0.3 | 10 
Polygonum douglasi. . | 18 0.1 | 5,2-D 
Potentilla spp.3...... 14 | 0.7 | 6-L, 1-A, 1-M, 2-W 
Browse: | 
Artemisia tridentata. . | 80 |} 23.2 | 6-L, 5,9 
Chrysothamnus | | | 
lanceolatus....... .| 19 | Wee Bi ccss 
Symphoricar pos | | | 
oreophilus....... 7 9 | 0.6 | 5, 10, 9, 6-P 
Purshia tridentata.... | 11 | 2 eae 


| | 





1Principally Carex festivella, C. heliophila, C. rostrata, C. eleocharis, 
C. phaeocephala, and C. filifolia. 

2Principally Erigeron speciosus, E. flagellaris, E. eatoni and E. 
corymbosus. 

3Principally Potentilla argentea, P. filipes, and P. glaucophylla. 


come temporarily abundant to be followed by almost 
complete disappearance of the ground cover and the 
initial stages of sheet and gully erosion. 

In the big sagebrush areas on mountain slopes in 
western and southwestern Colorado, mountain snow- 
berry, lanceleaf rabbit brush (Chrysothamnus lance- 
olatus) and antelope bitterbrush (Purshia tridentata) 
are important components of the shrubby cover. On 
sheep ranges the preservation of the latter two spe- 
cies may assume equal importance with the perpetu- 
ation of the more important grasses. 


ADDITIONAL SPECIES 
GRASS AND GRASSLIKE 
Festuca idahoensis 
Festuca thurberi 
Hordeum nodosum 
Phleum pratense 
Poa fendleriana 
Poa pratensis 
Poa secunda 
WEEDS 
Arenaria congesta 
Aster spp. 
Chrysopsis villosa 
Delphinium geyeri 
Helenium hoopesi 
Orthocarpus luteus 
BROWSE 
Artemisia cana 
Chrysothamnus viscidiflorus 
pumilus 


On the lower mountain slopes, foothills, and moun- 
tain valleys the big sagebrush type is common, and 
the species composition is sufficiently different from 








126 Davip F 
that of sagebrush areas in the higher elevations to 
merit a 

Blue 


grass 


separate listing and discussion of species. 

grama is the outstanding forage producing 
(Table 17) in this type throughout south- 
central Colorado, and particularly in the San Luis 
Valley. Utilization should be based on 
this species when it is abundant rather than on big 
sagebrush. Blue grama is likewise the key to use in 
comparisons of grazing capacity between different 
areas wtihin the type. Seattered plants of bluestem 
wheatgrass, prairie junegrass, 
Indian 
hymenoides) oceur throughout. 


standards 


Seribner needlegrass 
(Stipa seribneri) and 


ricegrass (Oryzopsis 
When these species 
are increasing from year to year range improvement 


is indieated. 








TABLE 17. Important species of the sagebrush type 

at lower altitudes. 
, Fre- Forage Occurrence in other 
Species quency (produced mountain types 
and grass- Percent Percent 
like species: 

Bouteloua gracilis 30 30.2 1-M, 5, 9, 6-P 
Agropyron smithi 18 6.3 5, 1-M, 9 
Koeleria cristata 25 1.3 5, 6-P, 1-M, 10, 2-W, 9 
Sitanion hystrix 22 0.5 9 
Stipa scribneri 1s 3.1 
Festuca idahoensis s 2.2 1-M 
Oryzopsis hymenoides 6 0.2 9 

Weeds: 
Sphaeralcea coccinea 11 0.4 9, 1-M, 5 
Phlox bryoides 10 0.0 

Browse: 
Artemisia tridentata 94 33.2 9, 5, 6-L 
Chrysothamnus visci- 

diflorus tortifolius 14 0.6 
Gutierrezia sarothrae 20 0.0 9 
Chrysothamnus 

lanceolatus 10 0.5 D 


Weeds are seldom abundant 
globemallow is ¢ 


in this type. Searlet 
i characteristic weed under a variety 
of forage conditions. Squarestem phlox (Phlox bry- 
oides) becomes increasingly evident on denuded areas 
and on sites made susceptible to erosion by excessive 
grazing and trampling. 

Broom snakeweed, twistleaf Douglas. rabbitbrush 
(Chrysothamnus viscidiflorus tortifolius), and lanee- 
leaf rabbitbrush oceur most frequently on ranges in 
unsatisfactory condition and are indicative of lower 
than average grazing capacity. 


oa} 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Agropyron spicatum 
Muhlenbergia montana 
Poa secunda 
Sporobolus airoides 
Stipa comata 
Stipa lettermani 

WEEDS 
Actinea richardsoni 
Astragalus spp. 
Eriogonum spp. 
Phlox spp. 
Salsola kali tenuifolia 


‘ oiceuen oe Lice } rraupls 

: COsTELLO Ecologic va ae 
BROWSE 

Artemisia cana 

Artemisia nova 

Atriplex canescens 

Cercocarpus montanus 

Chrysothamnus spp. 

Purshia tridentata 

Quercus utahensis 

Symphovicarpos oreophilus 


PINON-JUNIPER TYPE 


The aspect of this 
and juniper (Fig. 16) 


type is determined by p-non 
and is distinetive wherever it 
understory, however, includes 


oceurs. The grazing 


many combinations of 


grass, weed, and browse spe- 
cies. The outstanding forage species of the type is 
blue grama (Table 18) and where this grass domi- 
nates the grazing understory, management may be 
based on it alone. In localized areas Arizona fesene 
oceasionally dominates the herbaceous cover. Needle- 
andthread, galleta, bluestem 
wheatgrass are sporadic in occurrence and generally 
grow in seattered clumps. 


sand dropseed, and 





Fig. 


16. Pinon type in southwestern Colorado show- 
ing sparse forage cover of bluestem wheatgrass and 
rabbitbrush. This area has been heavily grazed by sheep 
for many years. 

Indian ricegrass is more characteristic of rocky 
areas and barren slopes where the topography 1s 
uneven and soil conditions are not always favorable. 
It is a good indieator of conservative grazing when it 
is present in such situations and has been moderately 
utilized. Bluestem wheatgrass is confined largely to 
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the moist areas in this type and is seldom an impor- 
tant component of the forage cover. Bottlebrush 
squirreltail (Sitanion hystrix) is distinetly an in- 
ferior species and appears principally on denuded 
areas. 


TABLE 18. Important species of the pinon-juniper type. 








Fre- Forage Occurrence in other 
Species quency |produced mountain types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis... . 45 56.9 1-M, 5, 4, 6-P 
Festuca arizonica.... 31 4.5 6-P, 4, 1-M, 10 
Hilaria jamesi.. ; 14 6.3 
Koeleria cristata 12 Ls 4, 6-P, 9, 4, 1-M, 5, 10 
Oryzopsis hymenoides 18 0.8 4 
Sitanion hystrix ‘ 10 0.1 } 
Agropyron smithi ; 10 1.5 4,5, 1-M 

Weeds: 
Erigeron spp....... 33 6.¢ 6-S, 2-W, 1-M, 4 
Chrysopsis villosa... 15 0.1 6-P, 9, 5 
Salsola kali 

tenuifolia...... 12 0.9 1-M 
Sphaeralcea coccinea . 9 0.0 4, 1-M, 5 

Browse: 
Artemisia tridentata 34 14.0 1, 5, 6-L 
Symphoricar pos 

oreophilus..... ay 23 4.3 5, 10, 6-P, 4 
Pinus cembroides 

edulis. . ee eae 36 0.0 
Juniperus spp.!.... 22 0.0 
Gutierrezia sarothrae . 15 0.0 1 
Artemisia nova..... 14 0.0 = ; 
Cercocarpus montanus rf eS 6-P, 5 
Artemisia frigida.... 14 0.1 1-M, 6-P, 5 
Yucca glauca....... 19 0.0 


1Includes Juniperus utahensis and J. monosperma. 


Weeds seldom become abundant in this type, even 
under good management. The common species such 
as hairy goldaster, tumbling Russian thistle, scarlet 
globemallow, lambsquarters goosefoot, and curlyeup 
gumweed have little value as forage and are mainly 
indicators of the dry site conditions under which they 
grow. 

True mountain mahogany, big sagebrush and moun- 
tain snowberry are the chief browse species. Ante- 
lope bitterbrush (Purshia tridentata) is abundant in 
some localities but is not characteristic of the type 
over extensive areas. The extent of cropping of the 
palatable browse species by grazing animals is one 
of the most valuable clues to the degrees of use and 
the range condition of specific areas. The cropping 
of juniper is a good measure of deer concentration 
in this type during the winter, particularly in west- 
ern Colorado. Fringed sagebrush and broom snake- 
weed in fair abundance are early signs of range 
deterioration in the pinon-juniper type. 


ADDITIONAL SPECIES 


GRASS AND GRASSLIKE 
Aristida fendleriana 
Aristida longiseta 
Bouteloua curtipenduia 
Buchloe dactyloides 
Carex filifolia 
Sporobolus eryptandrus 
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Stipa lettermani 
Stipa robusta 

WEEDS 
Actinea richardsoni 
Aplopappus sp. 
Astragalus spp. 
Chrysopsis villosa 
Erigeron spp. 
Helianthus petiolaris 
Pentstemon spp. 
Sphaeralcea dissecta 
Viguiera multiflora 

BROWSE 
Amelanchier alnifolia 
Artemisia frigida 
Atriplex canescens 
Cercocarpus ledifolius 
Cercocarpus montanus 
Chrysothamnus spp. 
Eurotia lanata 
Holodiscus dumosus 
Gutierrezia sarothrac 
Opuntia sp. 
Prunus virginiana 

melanocar pa 
Purshia tridentata 
Quercus spp. 
Rhus trilobata 
Ribes inerme 

BrowsE-SHRUB TYPE 

Although the general aspect or physiognomy of 
this type is essentially the same wherever it occurs, 
the floristic composition varies sufficiently to justify 
a division into eastern and western conditions 
(Tables 19 and 20). On the east front of the Roeky 
Mountains this type is dominant in the transition 
zone between the short-grass plains and the timbered 
areas of the foothills. In western and southwestern 
Colorado it oceurs on the lower mountain slopes at 
the upper border of the sagebrush and pinion juniper 
zones. 

TABLE 19. Important species of the browse-shrub type 


(eastern Colorado). 











Fre- Forage Occurrence in other 
Species quency |produced mountain types 
Grass and grass- Percent | Percent 
like species: 

Bouteloua gracilis : 69 51.8 1-M, 9, 4, 6-P 
Agropyron smithi.... 42 a 4, 1-M,9 
Carex filifolia. . 36 4.5 6-P, 1-M 
Stipa comata 34 1.9 es 
Koeleria cristata... . 34 | 6, 6-P, 9, 4, 1-M, 10 
Stipa lettermani... . 21 1.2 4,5, 6-8 
Bromus tectorum 11 0.2 

Weeds: 
Achillea lanulosa. . 65 1.9 All 
Chrysopsis villosa 20 0.0 6-P 
Helianthus annuus 14 0.1 bacbiial 
Sphaeralcea coccinea 12 0.0 4,9, 1-M 
Taraxacum officinale . 34 4.0 All 

Browse: 
Artemisia frigida.. . 48 1.8 1-M, 6-P, 9 
Cercocarpus montanus 30 12.1 6-P, 9 
Quercus gambeli. . . 33 7.2 
Rhus trilobata..... 15 0.0 
Chrysothamnus 

lanceolatus. . . ; 12 0.6 4 
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TABLE 20. Important species of the browse-shrub type 
(western Colorado). 





Occurrence in other 
mountain types 


Fre- Forage 


Species quency |produced 





Grass and grass- Percent | Percent 
like species: 

Carex spp. blab oes 49 3.1 All 
Koeleria cristata. . . 32 2.1 4, 6-P, 9, 4, 1-M, 10 
Stipa lettermani..... 32 2.0 6-S, 4 
Agropyron smithi 34 1.6 4, 1-M, 9 
Poa pratensis..... 20 8.0 6-P, 5, 1-M, 2-W, 10 
P. secunda.... 18 1.6 ae 
Bromus anomalus. . 18 0.6 6-L, 6-5, 10 

Weeds: 
Achillea lanulosa 37 0.7 6-P 
Taraxacum officinale . 27 8.0 na 
Lathyrus leucanthus 24 1.2 6-S, 10 
Viguiera multiflora... 19 0.7 a ala 
Galium boreale..... | 18 0.1 10, 6-L 

Browse: 
Symphoricarpos 

oreophilus........| 68 | 2.2 4, 6-P, 9, 10 
Amelanchier alnifolia. 43 13.4 
Quercus utahensis....| 51 | 13.1 aenee 
Artemisia tridentata 33 4.6 4, 9, 6-L 
Mahonia repens. . . 15 0.0 6-P 





The browse-shrub type on the Eastern Slope is 
dominated by Gambel oak (Quercus gambeli), true 
mountain mahogany, and skunkbush sumae (Rhus 
trilobata) either in mixture or occasionally in pure 
stands. In northern Colorado, true mountain mahog- 
any is confined to rocky slopes in extensive stands. 
The line of demarkation between this type, so char- 
acteristic of the ridges or “hogbacks,’”’ and the mixed 
grassland composed of blue grama, bluestem wheat- 
grass, needleandthread, prairie junegrass, and thread- 
leaf sedge which occurs on the deep soils of the 
longitudinal valleys between the slopes is so distinet 
as to appear artificial. 

In central Colorado the browse-shrub type oceurs 
as shrubby islands, dominated principally by Gambel 
oak, in the foothill grassland. In other localities the 
browse species commonly oceur in seattered open 
stands with the above enumerated grasses forming 
the herbaceous understory. 

The weeds of greatest frequency are hairy gold- 
aster, common sunflower, and searlet globemallow, 
all of which indicate unsatisfactory range conditions 
when they are abundant. Sunflowers or fringed 
sagebrush mark the locations of abandoned crop 
lands. 

In western Colorado, the type aspect is generally 
determined by Utah white oak (Quercus utahensis) 
which oceurs in dense stands (Fig. 17) or is mixed 
with mountain snowberry, Saskatoon serviceberry 
(Amelanchier alnifolia), and big sagebrush. The latter 
three species also oceur alone or in various com- 
binations on slopes from which Utah oak is absent. 
The blue grama understory, typical of the type in 
eastern Colorado, is absent and in its place the most 
frequent species are sedges, prairie junegrass, Letter- 
man needlegrass, bluestem wheatgrass, Sandberg 
bluegrass, nodding brome and other grasses. Ken- 
tucky bluegrass, as in other types, occurs most 
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Fig. 17. 
overstory is so dense that relatively little forage is pro- 
duced by herbaceous species. 


Oak type in southwestern Colorado. 


The 


abundantly in the moist openings and along stream 
banks. Bluestem wheatgrass and slender wheatgrass 
(Agropyron pauciflorum) are occasionally abundant 
in the open park-like areas if moisture conditions 
are favorable. 

Western yarrow, common dandelion, aspen pea- 
vine, showy goldeneye (Viguiera multiflora), and 
northern bedstraw are representative of the weed 
species. 

Dandelions frequently make up 80 percent or more 
of the herbaceous cover in the park areas of this 
type. A fair amount of forage is produced but a 
completely bare area may be left when the dandelions 
become dry and their leaves disintegrate with the 
advance of the season. 

Oaks (Quercus spp.) are not important forage 
species although some use is made of them even 
under proper management (Forsling & Storm, 1929). 
Inerease in density of the oaks and invasion of for- 
mer grassland areas has greatly reduced the grazing 
capacity of the zones in which they oceur. Eradica- 
tion of oaks would be desirable in many instances 
if the cost were not prohibitive. Grazing practices 
which tend to prevent their further spread are the 
primary need at present. 


ADDITIONAL SPECIES 

GRASS AND GRASSLIKE 
Agropyron paucifiorum 
Bromus anomalus 
B. carinatus 
Carex geyeri 
C. heliophila 
Phleum pratense 
Poa secunda 
Sitanion hystrix 
Stipa viridula 

WEEDS 
Arenaria fendleri 
Artemisia gnaphalodes 
Aster spp. 
Erigeron spp. 
Geranium spp. 
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Helianthus petiolaris 
Lupinus spp. 
Polygonum aviculare 
Thalictrum fendleri 
Thermopsis divaricarpa 
Vicia americana 
BROWSE 
Cercocarpus ledifolius 
Opuntia spp. 
Prunus virginiana 
melanocarpa 
Purshia tridentata 
Ribes montigenum 
Rosa woodsi fendleri 


IMPORTANT SPECIES OF THE 
SEMI-DESERT AREA 


The forage types,of this area occur principally at 
elevations below 7,000 feet and in localities receiving 
an annual precipitation of less than 15 inches. The 
semi-desert areas occupy much of southwestern Wy- 
oming (Vass & Lang 1938) and western and north- 
western Colorado with an isolated island in south- 
central Colorado near Alamosa. These types are 
used primarily for winter grazing. The soils are 
largely alluvial and are characterized by varying 
amounts of alkali. 

The sagebrush type occurs on soils that are moist 
to a considerable depth and that contain relatively 
small amounts of alkali. The saltbush types, which 
frequently alternate with or are interspersed in the 
sagebrush type are found on more alkaline areas 
where both drainage and water penetration are poor. 
The greasewood type oceurs along the drainage chan- 
nels where alkali salts have accumulated near the 
surface. It is the least productive of all the grazing 
types. 

SAGEBRUSH TYPE 


This type is best expressed in the Rocky Mountain 
region in northwestern Colorado and western Wyom- 
ing where it covers thousands of acres in which the 
only major variation is the oceasional transition to 
saltbush or greasewood communities along the stream 
channels and in old lake beds. Big sagebrush is the 
most prominent and most abundant plant of this 
association. On areas which have not been severely 
overgrazed the sagebrush plants are usually spaced 
several feet apart and the intervening spaces are 
characterized by various grasses and weeds. Heavily 
used areas are frequently devoid of herbaceous vege- 
tation and the sagebrush plants may grow in such 
dense stands as to present a closed cover. Severe 
overgrazing eventually results in the production of 
stunted clumps of sagebrush (Fig. 18), growing on 
pedestals, and excessive erosion of the soil between 
these clumps. 

The commonest grasses of the type are thickspike 
Wheatgrass (Agropyron dasystachyum) and Indian 
ricegrass (Table 21). The disappearance of these 
grasses or a reduction in their numbers to occasional 
clumps rapidly follows overutilization by grazing 
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Fig. 18. Sagebrush type heavily overgrazed by sheep 
for many years. Most of the grasses and forbs have 
disappeared. 


animals. As early indication of overuse of these spe- 
cies is a decrease in vigor and numbers of the grasses 
between as compared with those within the sagebrush 
clumps. Bottlebrush squirreltail is typical of areas 
within the sagebrush type that are being depleted by 
grazing. It has little grazing value. Bluestem wheat- 
grass is sporad:e in occurrence but furnishes good 
forage in the moist areas, particularly in early 
spring. In this type it may indicate soil disturbance 
due to excessive trampling. 


TABLE 21. Important species of the sagebrush type. 











Fre- | Forage Occurrence in other 
Species quency |produced semi-desert types 
Grass and grass- Percent | Percent 
like species: 
Agropyron 
dasystachyum . : 67 12.0 13, 14 
Oryzopsis hymenoides 52 v.32 13 
Sitanion hystriz. . 12 0.5 
Agropyron smithi 9 2.0 13 
Weeds: 
Phlox hoodi glabrata 54 1.0 
Arenaria hookeri 14 0.0 
Actinea torreyana 13 0.0 
Browse: 
Artemisia tridentata 97 30.1 14, 13 
Chrysothamnus vici- 
diflorus pumulis 50 0.0 
Eurotia lanata 38 11.0 13 
Atriplex confertifolia 17 2.8 13,14 
A. gardneri 10 1.9 13, 14 


Native weeds which were formerly abundant have 
now disappeared from much of the type. Caespitose 
perennials such as smooth hoods phlox (Phlox hoodi 
glabrata) and low palatability species, Hooker sand- 
wort (Arenaria hookeri) and rubberweed (Actinea 
torreyana), typify the denuded spots at present. 
Tumbling Russian thistles occasionally form the only 
herbaceous cover in rainy seasons. 

Various shrubs appear in mixture with big sage- 
brush depending on the intensity of grazing use and 
the soil tvpe. In the more alkaline soils shadseale 
saltbush (Atriplex confertifolia) becomes dominant 
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and the sagebrush decreases in abundance. Gardner 
saltbush (Atriplex gardneri) occasionally invades 
the type on the heavier soils. Common winterfat 
(Eurotia lanata) when present is usually scattered 
and seldom occurs in appreciable density. 


SECONDARY SPECIES 
GRASS AND GRASSLIKE 
Stipa comata 
WEEDS 
Eriogonum salinum 
Gilia pungens 
Salsola kali tenuifolia 
BROWSE 
Artemisia pedatifida 
Grayia spinosa 
Tedradymia spinosa 


SALTBUSH TYPE 


The saltbush type is one of the plant communities 
belonging to the northern desert shrub association 
(Stewart et al. 1940) and characterized by various 
species of Atriplex (Fig. 19). Variations in the 
frequency of occurrence and abundance of the vari- 
ous species justify separate lists of species for south- 
western Colorado (Table 22) and for northwestern 
Colorado and western Wyoming (Table 23). 





showing 
Gardner saltbush in foreground and black greasewood 
in background. 


Fie. 19. Saltbush type in southern Wyoming 


Galleta is more abundant in southwestern Colorado 
than in the Red Desert of Wyoming. Indian rice- 
grass, thi¢kspike wheatgrass, and bluestem wheat- 
grass are typical species but seldom occur in abun- 
dance. Grazing capacity is best determined on the 
basis of the shrubby species, particularly Gardner 
saltbush, shadseale saltbush, common winterfat, and 
bud sagebrush (Artemisia spinescens). Greenmolly 
summereypress (Kochia americana) is not considered 
an important winter sheep feed in Colorado and 
Wyoming, owing to its low palatability and infre- 
quent occurrence. 

Various weed species occur in the saltbush type, 
of which the most frequent are tumbling Russian 
thistle, globemallow (Sphaeralcea dissecta), seepweed 
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(Suaeda erecta), nodding eriogonum (Friogonwm 


cernuum), and desert trumpet eriogonum (E. infla- 
tum). 
SECONDARY SPECIES 

GRASS AND GRASSLIKE 
Aristida spp. 
Bouteloua gracilis 

WEEDS 
Aplopappus sp. 

BROWSE 
Artemisia trifida 
Opuntia spp. 
TABLE 22. Important species 


of the saltbush type 
(southwestern Colorado). 





| Fre- | Forage 








; | Occurrence in other 
Species | quency |produced semi-desert types 
Grass and grass- | Percent | Percent 
like species: } | 
Hilaria jamesi....... OS | SRS fb isccc. 
Oryzopsis hymenoides. | 7 0.4 | 4 
Weeds: | | 
Salsola kali | | 
tenuifolia........ | 56 3.8 | 14 
Sphaeralcea dissecta. . } 18 | 0.0 | 
Eriogonum spp.!... .| 11 Me Bovsaces 
Browse: 
Atriplex confertifolia . | 65 | 36.7 | 14,4 
A.gardneri.........] 34 13.6 | 14,4 
A. corrugata....... t 26 2? eee 
Gutierrezia sarothrae . 23 0.0 wee 
Eurotia lanata...... 12 a7 | 4 
Kochia americana... .| 4 0.0 14 
| 








1Principally Eriogonum cernuum and E. inflatum. 


TABLE 23. Important species of the saltbush type 
(northwestern Colorado and western Wyoming). 





| Fre- | Desens 





‘ Occurrence in other 
Species quency |produced semi-desert types 
* | | | 
Grass and grass- | Percent | Percent | 


like species: 
1.8 a 


Oryzopsis hymenoides. 20 
Agropyron | | | 
dasystachyum..... 12 | 1.5 | 4,14 
Hilaria jamesi..... r 6 4.0 |}... 
Agropyron smithi. . .| 7 | i 4 
Weeds: | | 
Salsola kali | 
tenuifolia Sie coat 15 1.0 14 


Suaeda erecta........ 14 | 0.0 
Browse: | | | 


Atriplex gardneri.... 59 37.0 14,4 
A. confertifolia...... 39 22.5 14, 4 
Eurotia lanata.......| 31 | 18.2 |4 
Artemisia spinescens .| 28 2.3 14 
A. tridentata........| 17 3.5 4,14 


GREASEWOOD TYPE 

Black greasewood (Sarcobatus vermiculatus) is 
characteristic of heavy soils in which the alkali con- 
tent exceeds 0.5 percent (Shantz 1938). Frequently 
it is the only plant found in the arid drainage 
courses and on the level alkaline valley floors (Fig. 
20). It is sometimes considered to be a valuable 
range plant for both cattle and sheep for winter 
grazing. Poisoning and bloating of livestock, follow- 
ing utilization of this shrub, is occasionally reported. 
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Fic. 20. Greasewood type in southwestern Colorado. 
The impervious soil supports very little herbaceous 
vegetation. 


In southern Colorado, particularly in the San Luis 
Valley, alkali sacaton (Sporobolus airoides), inland 
saltgrass, blue grama, and mat muhly (Muhlenbergia 
squarrosa) are common associates of black grease- 
wood (Table 24) and provide a desirable combina- 
tion for winter grazing. When these grasses are 
present in fair density, management should be aimed 
at their perpetuation, and utilization of the browse 
species should be slight. 


TABLE 24. Important species of the greasewood type 
(southern Colorado). 














Fre- Forage Occurrence in other 
Species quency |produced semi-desert types 
Grass and grass- Percent | Percent 
like species: 
Sporobolus airoides.. . 30 33.6 
Distichlis stricta. .... 38 15.3 
Bouteloua gracilis... . 8 5.6 
Muhlenbergia 
squarrosa..... ; 5 4.9 
Weeds: 
Iva avillaris......... 4 0.0 
Cardaria draba...... 7 0.0 
Browse: 
Sarcobatus 
vermiculatus....... 67 32.8 
Chrysothamnus spp. ! 36 0.0 ae 
Kochia americana. : 10 0.1 | 13 








Principally Chrysothamnus speciosus and C. lanceolatus. 


In western Colorado and western Wyoming, grasses 
are infrequent (Table 25), weeds are practically ab- 
sent, and shrubby associates are more common. 
Gardner saltbush frequently forms the ground layer 
on level valley floors. Mixtures of black greasewood, 
shadseale saltbush, bud sagebrush, and big sagebrush 
oceur in areas where the soil is less alkaline than it 
is where pure greasewood stands are found. 

Unrestricted grazing in the greasewood type as in 
the other semi-desert types is evidenced by thinning 
of the naturally sparse plant cover, by disappearance 
of the grasses, and by dwarfing or killing of the 
browse species. Tumbling Russian thistle, poverty 
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TABLE 25. Important species of the greasewood type 
(western Colorado and western Wyoming). 





Ls e , 
| Fre- Forage | Occurrence in other 





Species | quency |produced semi-desert types 
Grass and grass- | Percent Percent 
like species: | | 

Sporobolus airoides.. .| a oo 
Agropyron | | | 

dasystachyum.....| 7 | TR 4,13 

Weeds: : | | 
Salsola kali | 

tenuifolia.........| 8 | 0.6 | 13 

Browse: | | 
Sarcobatus | | 

vermiculatus...... | 85 53.6 Pee ree 
Atriplex gardneri. . . | 48 | 21.4 | 13, 4 
Artemisia tridentata . . | 26 5.2 | 4,13 
Atriplex confertifolia . | 6 | SF 14 
Artemisia spinescens . | 15 1.5 13 
Kochia americana... .| 11 | 0.1 | 13 





sumpweed, pepperweed whitetop (Cardaria draba), 
and rabbitbrush are invading species which compete 
with the more desirable plants for the limited mois- 
ture supply. 
SECONDARY SPECIES 

GRASS AND GRASSLIKE WEEDS 
Agropyron smithi Stanleya sp. 
Carex filifolia BROWSE 
Hordeum jubatum Artemisia frigida 
Juncus spp. Artemisia pedatifida 
Muhlenbergia spp. Atriplex canescens 
Oryzopsis hymenoides Eurotia lanata 


DISCUSSION 


Of the more than 2,000 species encountered in 
range surveys in Colorado and Wyoming, approxi- 
mately 85 grass and grass-like plants, 130 weeds and 
60 browse plants have been selected as important 
species from the range management standpoint. 
Most of these plants are important ecologically as 
well as economically; a considerable number of spe- 
cies of ecological importance, however, have been 
omitted in this classification, particularly those which 
are abundant in restricted localities and those which 
persist for relatively short periods of time on dis- 
turbed areas where succession is rapid as on aban- 
doned plowed fields. 

The total number of species selected as important 
plants represents approximately 14 percent of all 
species encountered. Of the total number encoun- 
tered, about 7 percent are listed in tables along with 
their respective average frequencies and percentages 
of forage produced by range types. No particular 
significance is attached to the excess in number of 
weed or forb species over numbers of grass and 
grasslike or browse species. The number of browse 
species selected by the score card method is some- 
what larger than might have been expected, prob- 
ably beeause shrubs have been somewhat neglected 
in range management studies. 

A comparison of the amount of forage produced 
by the major groups of species (grasses and grass- 
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like, weeds, and browse) reveals some marked differ- 
ences between the various types and subtypes (Table 
26). Grasses are the predominant forage producing 
species in the plains area, while browse is most im- 
portant in the mountain types at lower altitudes and 
in the semi-desert area. The low percentage of for- 
age contributed by grasses in the saltbush and grease- 
wood types in northwestern Colorado and western 
Wyoming is attributed partly to the high alkaline 
content of the soils which tends to exclude many 
grasses and partly to the influence of unrestricted 
grazing in the past in many localities. 


TABLE 26. Pereentage of forage produced by plant 
groups in the different forage types and subtypes. 











Grass | Addi- 
Type | and Weeds | Browse | tional 
grasslike| | species 
Pains AREA: | | 
Short-grass (E. Colorado). . 94.6 | 2.5 | 0.1 2.8 
Short-grass (E. Wyoming) 89.3 | 1.2 3.8 5.7 
Dry Meadow. . | 74.7 | 0.2 | 0.6 24.5 
Sand Sagebrush... . «| 7R8 y 8.5 10.6 
Big Sagebrush...... 80.0 1.1 13.7 6.2 
Weed..... | 75.0 | 16.2 0.0 8.8 
MowntTaln AREA: | 
Alpine and subalpine grassland}; 59.0 | 12.8 2.9 25.3 
Spruce-fir. . : , 24.9 3.3 | 0.0 65.0 
Lodgepole pine. . . at 18.7 9.5 | 8.1 63.7 
Aspen..... |} 34.8 | 22.8 4.9 37.5 
Ponderosa pine-Douglas fir....| 50.3 12.1 | 5.7 31.9 
Ponderosa pine (S. Colorado)..| 77.6 | 0.2 | 3.4 18.8 
Wet meadow. | 52.7 33.7 | 0.6 31.0 
Park (higher altitudes) . . | 16.1 33.1 | 4.2 46.6 
Park (lower altitudes) | 88.8 0.6 1.2 9.4 
Sagebrush (higher altitudes)...| 19.3 23.8 | 25.4 31.5 
Sagebrush (lower altitudes) 43.6 0.4 34.3 21.7 
Pinon-juniper | 71.4 3 | Wa 4.0 
Browse-shrub (E. Colorado) 62.4 6.0 | 21.7 9.9 
Browse-shrub (W. Colorado) 19.0 | 3.5 | 43.3 34.2 
SEMI-DESERT AREA: } 
Sagebrush..... - 21.6 | 1.0 45.8 31.6 
Saltbush (SW Colorado) 26.9 3.8 65.4 3.9 
Saltbush (NW Colorado and | 
W. Wyoming) . 9.0 1.0 | 83.5 6.5 
Greasewood (S. Colorado) 59.4 0.0 | 32.9 re 
Greasewood (W. Colorado and | 
W. Wyoming) 2.8 0.6 87.5 9.1 


The large amount of forage contributed by “addi- 
tional species” (Table 26), or plants not listed in 
the tables for the spruce fir and lodgepole pine 
types, for example, is an indication of the diversity 
of the vegetation in these areas. Few individual 
species in the spruce fir type are of outstanding 
importance; more than 200 species must be included 
in the number required to make up 90 percent of 
the total available forage. In the short-grass type in 
eastern Colorado, on the other hand, blue grama and 
buffalograss contribute nearly 90 percent of all the 
forage produced. 


Determination of the 10 or 12 most important spe- 


cies in each of the forage groups (grasses and 
grasslike, weeds, and browse) is difficult. In gen- 


eral the species listed in Table 27 have a high fre- 
quency of oceurrence within the territory where they 
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are found, are widely distributed in the two states 
as indicated by the number of types and subtypes in 
which they occur, and contribute more forage than 
the average. Species such as Helenium hoopesi and 
Actinea richardsoni have been included because their 
poisonous qualities result in severe livestock losses 
each year. 


TABLE 27. A list of the 
Colorado and Wyoming. 


most important species in 





| Average | Occurrence 











Species | Average forage | in types and 
frequency |production) subtypes 

Grasses and grasslike species: Percent | Percent | Total number 
Agropyron smithi... | 27 | 3.6 | 15 
Bouteloua gracilis | 64 | 51.5 14 
Carex spp.... ais eco 31 | 5.4 20 
Deschampsia caespitosa..... | 31 17.2 3 
Festuca arizonica...........| 21 3.2 7 
Hilaria jamesi..... | 20 5.1 5 
Koeleria cristata....... ZA 25 re | 14 
Muhlenbergia montana.......| 28 12.1 5 
Oryzopsis hymenoides........ 31 | 3.7 | 9 
Poa pratensis ; 15 | 4.8 8 
Sporobolus spp.... . | 19 7.2 | 11 
SUMS COMMA... cs cccceses | 24 2.4 8 
Stipa lettermani | 22 } 2.1 9 

| 

Weeds (forbs): | 
Achillea lanulosa...........| 27 1.6 11 
Actinea richardsoni........ | 18 0.0 6 
Chenopodium album se | 27 1.0 6 
Chrysopsis villosa aiaiee 18 0.1 9 
Erigeron spp...... eer 51 | 0.8 11 
Helenium hoopesi | 12 | 0.0 4 
Potentilla spp. ear | 29 3.6 9 
Salsola kali tenuifolia. . . | 27 2.6 12 
Sphaeralcea coccinea...... | 20 0.1 | 9 
Taraxacum officinale. ...... .| 28 | 9.1 s 
Vicia americana.. | 26 | 0.8 | 6 

| 

Browse: | 
Artemisia tridentata | 61 14.9 12 
Atriplex canescens. . | 15 0.5 7 
Atriplex gardneri : 29 | 15.1 5 
Cercocarpus montanus...... 12 4.5 6 
Chrysothamnus spp. . | 35 0.2 10 
Eurotia lanata.............. 31 10.9 10 
Gutierrezia sarothrae.........| 15 0.0 | 9 
Opuntia spp.. ener areal 35 0.0 | 12 
Purshia tridentata.......... | 10 1.0 5 
Symphoricarpos oreophilus. . . 32 | 6.0 6 





Blue grama is the most important species in the 
two states. It has a high frequency, is an important 
forage species, and oceurs over a wide territory. Its 
frequency varies from a low of 8 percent in the 
greasewood type of the semi-desert area of southern 
Colorado to a high of 94 percent in the short-grass 
plains of eastern Colorado. In localities where the 
frequency is low the plants are generally widely 
seattered and occur as individual tufts in contrast 
with the sod or turf form of growth on the plains. 
These differences in growth form, frequeney, and the 
variations in density resulting from variations in 
soil type and precipitation account for wide vari- 
ations in forage production from place to place. In 
the dry meadow type of the plains area blue grama 
has a relatively high frequeney, 29 percent, but pro- 
duces a low amount of forage in the type, 1.8 per- 
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cent. Field examination indicates that the individual 
plants are numerous but small and that they do not 
commonly develop a sod. It is also of interest that 
blue grama not only oceurs in the semi-desert areas 
but appears to be increasing in abundance. Little 
information, however, is available on the effect of 
range management practices on the persistence or 
increase of blue grama in these arid types. 

The species of widest occurrence is bluestem wheat- 
grass. It is exceeded in frequency, however, by sev- 
eral species. Its forage production is relatively low, 
partly as a result of sporadic occurrence in the types 
where it occurs and partly as a result of its ocea- 
sional single stemmed habit of growth which results 
in small volume production. 

In general, the meaning of the presence or ab- 
sence and the condition of many of the other im- 
portant plants which have been listed cannot be 
interpreted because of insufficient knowledge. They 
are in need of further study. Some of the lines of 
investigation of important species which would ap- 
pear to be profitable include the following: indicator 
values; desirability or practicability of increasing 
certain plants in the forage cover; importance of 
weeds and browse in range management; the control 
of noxious and poisonous plants; and range utiliza- 
tion standards, designed to perpetuate the plants of 
highest forage value. The part that many species 
of high frequency play in secondary succession is 
little understood either from the ecological or range 
management viewpoint. Range recovery from a de- 
pleted or poor condition is essentially a process of 
secondary succession and as such deserves the atten- 
tion of the ecologist. 

It is hoped that the present paper will stimulate 
a more systematic and better choice of species for 
future studies in which ecological or range manage- 
ment principles are involved. Studies of vegetation 
in limited areas will necessarily require detailed 
examination of the flora. The generalized informa- 
tion gathered by many individuals and summarized 
here, however, should be an aid in orientation of spe- 
cies in loeal plant communities with the broader com- 
munities found throughout Colorado and Wyoming. 
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